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ROTOR SYSTFMS RESFARCH ATRCRAFT SIMULATION

MATHEMATICAL MODFL

Jacob A. Houck, Frederick L. Moore,
James J. Howlett*, Kenneth S. Pollock,

and Mary M. Browne

Langley Research Center

SUMMARY

The Rotor Systems Research Aircraft (RSRA) has been built for use in

evaluating and verifying advanced rotor and control concepts. This report

documents the analytical model developed for performance and handling qualities

evaluations. It was used during the RSRA design in both open-loop and real-time

man-in-the-loop simulation. It will be used in the future for pilot training,
preflight of test programs, and the evaluation of promising concepts before

their implementation on the flight vehicle.

INTRODUCTION

The Rotor Systems Research Aircraft (RSRA, reference 1) has been built
for use in evaluating and verifying advanced rotor and control concepts. The
RSRA is a versatile flying test platform which can be flown as a single rotor

helicopter, compound helicopter, and as a fixed wing aircraft (figure 1).

*Sikorsky Aircraft Division of United Technologies Corporation



During the design and development phase of the RSRA, an analytical model*
of the aircraft was formulated and used to generate performance and stability
and control characteristics. This mathematical model will continue to be used
for predicting the flying characteristics during the current development flight
tests and during the aircraft's future operations. The mathematical model
originated from Sikorsky Aircraft's General Helicopter simulation model where
it has been used extensively in the design of helicopters. The model has been
converted to the Langley Research Center computer system and can be used for
general helicopter simulation studies as well as support of the RSRA operations.

This report documents the present version of the mathematical model.

*Howlett, J.J.: RSRA Simulation Model-Volumes I & TI. Sikorsky Aircraft -
SER 72009. NASA/ARMY Contract NAS1-13000, 1974.



SYMBOLS

Equations and data in this report were derived in the U.S. Customary Units
to expedite development of the flight vehicles by Sikorsky Aircraft.
Subsequent reports of studies using this mathematical model will be published
in the International System of Units (S1). Reference 2 contains the standard

conversions for the U.S. Customary Units to SI Units.

Some of the symbols used herein are not standard but were adopted from
Sikorsky Aircraft notation and from the FORTRAL notation used in the digital

computer program representing this mathematical model.

Als deg total lateral cyclic input

AlSL deg lower lateral cyclic limit

A1SU deg upper lateral cyclic limit

A151 deg lateral cyclic series trim input

AlSZ deg lateral cyclic SAS input

A1S3 deg collective mixing input, lateral cyclic
a ft/sec speed of sound

arp rad_l tail rotor blade two dimensional 1ift

curve slope

2 , .
aAP’aYP’aZP ft/sec body axes accelerations at the pilot
station
aOF’alSF’blsF deg Fourier series coefficients, flapping
b deg Fourier series coefficients, lagging

891,°315L° 1L



BCPULG’BCPULT’BCPUDR %/sec CPU beeper input-longitudinal, lateral,
directional

BMR main rotor blade tip loss factor

BéR tail rotor blade tip loss factor

BlS deg total lengitudinal cyclic input

BlSL deg lower longitudinal cyclic limit

BlSU deg upper longitudinal cyclic limit

BlSl deg longitudinal cyclic series trim input

BlSz ‘ deg longitudinal cyclic SAS input

BlS3 deg collective mixing input, longitudinal
cyclic

BLE in buttline station for TF-34 engine

BLMR in buttline station for main rotor

BLPS in buttline station for pilot's head

BLTR in buttline station for tail rotor

bE ft TF-34 engine moment arm, Y-body axis

bMR ) ft main rotor moment arr, Y-body axis

bNMR number of blades in main rotor



bWTR number of blades in tail rotor
In

bPS ft pilot station momeni arm, Y-body axis
bS number of blades simulated

bTR ft tail rotor monent arm, Y-body axis
CAlS deg/deg CPU gain for lateral cyclic control
CBls deg/deg CPU gain for longitudiral cyclic contrcl
CDELA deg/deg CPU gain for aileron control

CHELE deg/deg CPU gain for elevator control

ChELR deg/deg CPU gain for rudder contrecl

CDY blade segment drag cocfficient

CLY blade segment lift coefficient

CTHTR tail rotor thrust coefficient

Crmr deg/deg CPU gain for tail rotor control

CTw deg gearing parameter, wing to lower

horizontal tail

CPU control phasing unit
CPUDIR A directional CPU input

o , s . . o
CPUDIRl % directional CPU series trim input



CPU
CPU

LAT1

CPULON

CPULONl

TR
y(n)
75
cosY

DB

HT

HTU

TOT

VT

DWMP WMS

oz
o

ar

3

or
fo

ft

ft

ft

ft

ft

1b

1b

1b

1b

1b

1b

lateral CPU input

lateral CPU series trim input

longitudinal CPU input

longitudinal CPU series trim input

blade root chord

blade tip chord

tail rotor blade chord

mean chord of blade segment

blade chord at 757 radius station

blade segment flow skew angle

drag brake drag

lower horizontal tail drag

upper horizontal tail drag

airframe drag less empennage

vertical tail drag

wind-mill drag on TF-34 port and

starboard engines

main rotor downwash



WTR

DFCPU

DHCPU

DMPARM

Ekrg
ERpy o EXpz

EKrxu Frzu

E Gy Erz

FpoFpoFy

F__sF . »F

PB’ TB’ RB

FyarFyarFza

e

in

ft

ft

1b

1b

1b

tail rotor downwash

breakpoint on pitch and roll fixed wing

CPU prcfiles

breakpoint on pitchk and roll rotary-wing

Cr'U profiles

lag damper arm

tail rotor wash factor on vertical tail

rotor wash factors on lower horizontal

tail

rotor wash factors on upper horizontal

tail

rotor wash factors on the wing-fuselage

main rotor hinge offset from center of

rotation

distance from hinge to start of blade

bilade segment forces-perpendicular,

tangential, radial

blade shear forces-perpendicular,

tangential, radial, blade span axes

blade aerodynamic shear forces, rotating

shaft axes



FXI’FYI’FZI

F.{T’FYT’FZT

F

FSCG

FSCGB

FSDB

FSHTU

F SMR

FSPS

FSrr

FSVT

1b

1b

ft 1b/rad

ft 1b sec

rad

in

in

in

in

in

in

in

in

in

in

in

blade inertia shear forces, rotating

shaft axes

blade total sihear forces, rotating

shaft axes

lagging hinge darper constant {(spring)

lagging hinge damper constant (damper)

fuselage station for total aircraft C.G.

fuselage station of C.G. for total

aircraft less main rotor blades

fuselage

fuselage

fuselage

fuselage

tail

fuselage

tail

fuselage

fuselage

fuselage

fuselage

station

station

station

station

station

station

station

station

station

for

for

for

for

for

for

for

for

for

drag brake

TF-34 engine

TF~-34 engine inlet

lower horizontal

upper horizontal

main rotor

pilot's head

tail rotor

vertical tail



FS

H

HSCPU

hDB

HT

hru

%

PS

hTR

g
M

in

ft/sec2
1b

/

10

ft
ft

ft

ft

ft
ft
ft
ft

ft

slugs ft2

fuselage station for wind tunnel data

reference point

gravitational acceleration

main rotor drag, shaft axes

breakpoint on pitch and roll fixed-wing

CPU profiles

drag brake moment arm, Z-body axis

TF-34 engine moment arm, Z-body axis

lower horizontal tail moment arm, Z-body

axis

upper horizontal tail moment arm, Z-body

axis

main rotor moment arm, Z-body axis

pilot station nioment arm, Z-body axis

tail rotor moment arm, Z-body axis

vertical tail moment arnm, Z-body axis

wind tunnel reference point noment arm,

Z-body axis

inertia of main rotor drive less rotor

blades



IX,IY,IZ,Ixz slugs ft inertias about body axes

Ib slugs ft2 main rotor blade inertia about hinge

iE deg engine shaft angle

iHT deg lower horizontal tail incidence

iHTLL deg lower horizontal tail incidence lower
limit

iHTU deg upper horizontal tail incidence

iHTUL deg lower horizontal tail incidence upper
limit

iw deg wing incidence

iWL deg wing incidence lower limit

iWU deg wing incidence upper limit

ie deg main rotor longitudinal shaft tilt

i¢ deg main rotor lateral shaft tilt

J 1b main rotor side force, shaft axes

KAG deg/deg gearing coefficient, ailerons

KASAIL : deg/deg asymetric gearing ratio, ailerons

KASTHO deg/deg collective mixing gain, lateral cyclic

10



hLSThU deg/deg collective mixing gain, longitudinal
cyclic

kCPULG’KCPULT’ACPUDR %1% CPJ lever gearing-longitudinal, lateral,
directional

KCTA deg/7 basic control gearing to lateral cyclic

LCTAIL deg/% basic control gearing to ailerons

Korp deg/% basic control gearing to longitudinal
cyclic

KCTC deg/? basic control gearing to collective

Kooy deg/?% basic control gearing to drag brake

L deg/% basic control gearing to elevator

Korr deg/% basic control gearing to flaps

KCTPE “l% basic control gearing to TF-34 engine
throttles

hCTRL 11% basic control gearing to rotor speed

kCTRUD deg/% basic control gearing to rudder

KCTT deg/7 basic control gearing to lower horizontal
tail

RCTTR deg/% basic control gearing to tail rotor

KCTW deg/% basic control gearing to wing

11



Rqutu

QVT

KenTHo
Krpa

KrLIng

I‘IMAIL

l\V'I'I-‘.A].S

iMBlS

SiELY

Nrger

12

deg/deg

deg/deg

deg/sec

deg/sec

deg/sec

deg/sec

“/sec

first harmonic inflow coefficient
dynamic pressure loss factor-drag brake

dynamic pressure less factor-lower

horizontal tail

dynamic pressure loss factor-upper
I 4

horizontal tail

dynamic pressure less factor-vertical

tail
collective mixing gain, rudder

main rotor speed ratio, = U/MT if rotor

speed depree of freedom not utilized

gearing coefficient, lower unorizontal

tail

fixed rate series trim Leeper input,

ailerons

fixed rate series trim beeper input,

lateral cyclic

fixed rate series triw beeper input,

longitudinal cyclic

fixed rate series trim beeper input,

elevator

fixed rate series trim beeper input,

TF-34 engines



“RE

“LMRUD

B eTTR

SMPRBLK
SrrTHO

Krw1

1X

14

“1Y

haO
ul

a2

%lsec

deg/sec

deg/sec

deg/deg

deg/deg

deg—l

ft lb/rad

ft 1b sec

rad

fixed rate series trim beeper input,

rotor speed

fixed rate series triwm beeper input,

rudder

fixed ratec series trim beeper input,

tail rotor

fin-tail rotor blockage factor

collective mixing gain, tail rotor

gearing coefficient, ving to lower

horizontal tail

cosine compenent of first harmonic inflow

sine component of first harmonic inflow

o, hinge counstant

1

o, hinge coefficient

1
oy hinge coefficient

flapping hinge spring constant
flapping hinge rate damper constant

modified downwash filter comstant

downwash loop filter constant

13



BODY

Lpg

KT

Mty

Ly

LMTOT

TOT
TR

VI

op

EI

14

ft

1b

ft

ft

1b

1b

ft

ft

ft

ft

1b

ft

1ib

ft

ft

ft

ft

1b

1b

1b

1b

1b

1b

1b

1b

total aircraft body axes rolling moment
drag brake lift

TF-34 engine body axes rolling moment
main rotor rolling moment, shaft axes
lower horizontal tail lift

upper horizontal tail 1lift

lag damper arm

wain rotor body axes rolling moment
airframe rolling moment less empennage
empennage body axes rolling moment
airframe lift less empennage

tail rotor body axes rolling moment
vertical tail 1lift

wing-fuselage body axes rolling moment
drag brake moment arm, X-body axis
TF-34 engine moment arm, X-body axis

TF-34 engine inlet moment arm, X-body

axis



1liT

Luru

PS

TR

byt

Yeony

5

Mea
pp

Ma
M

ft

ft

ft

ft

ft

ft

ft

ft

ft

ft

ft

ft

ft

ft

1b

1b

1b

ib

1b

1b

1b

lower horizontal tail moment arm,

X~body axis

upper horizontal tail moment arm,

Y~body axis

main rotor moment arm, X-body axis

pilot station moment arm, X-body axis

tail rotor moment arm, A-body axis

vertical tail moment arm, X-body axis

wind tunnel reference point moment arm,

X-body axis

Mach number

total aircraft body axes pitching

monment

TF-34 engine body axes pitching moment

acrodynamic moment about flapping hinge

flap damper moment

main rotor pitching moment, shaft axes

aerodynamic moment about lagging hinge

lag damper moment

15



MHTOT
MPEP

Ypgs

"rr
"r

MFCPU

MHCPU

BODY

TR

16

ft

ft

slugs/sec

slugs/sec

ft

ft

ft

1b

1b

1b

1b

1b

slugs

ft

ft

ft

ft

ft

ft

1b

1b

1b

1b

1b

1b

ft

main rotor body axes pitching moment

airframe pitching moment less empennage

TF-34 port engine mass flow

TF-34 starboard engine mass flow

empennage body axes pitching moment

tail rotor body axes pitching moment

wing-fuselage body axes pitching moment

blade first mass moment about hinge

breakpoint on pitch and roll fixed-wing
CPU profiles

breakpoint on pitch and roll rotary-wing
CPU profiles

total aircraft body axes yawing moment

TF-34 engine body axes yawing moment

main rotor body axes yawing moment

airframe yawing moment less empennage

empennage body axes yawing moment

tail rotor body axes yawing moment



A

9ty

ft 1b

rad/sec
rad/Scc2
rad/sec
rad/sec?
ft 1b

ft 1b

rad/sec
rad/sec?

1b/ft?

lb/ft2

1o/ ft2

rad/sec
rau/secZ

1b/ft?

wing-fuselage body axes yawing moment

number of blade scgments simulated

body axes roll rate

body axes roll acceleraticn

shaft axes rcll rate

shaft axes roll acceleration

main rotor torque, shaft axes

T-58 engine torque

body axes pitch rate

body axes pitch acceleration

dynanic pressure

dynamic pressure

tail

dynarpic pressure

tajil

shaft axes pitch

shaft axes pitcn

dynamic pressure

at drag brake

at lower horizontal

at upper horizontal

rate

acceleration

at vertical tail

17



HRL
iRy

HOL

HOU

T3

18

1b/£t2
£t
ft

rad/sec

rad/sec2

rad/sec

rad/sec2

£e2

1b

1b

deg

deg

deg

deg

1b

1b

dynamic pressure at wing-fuselage
main rotor radius

tail rotor radius

body axes yaw rate

body axes yaw acceleration

shaft axes yaw rate

shaft axes yaw acceleration

wing area

Laplace Operator

main rotor thrust, shaft axes
main rotor aerodynamic thrust
lower tail rotor blade pitch limit
upper tall rotor blade pitch limit
lower collective pitch limit

upper collective pitch limit

total TF-34 engine thrust (TP+TS)

TF-34 port engine net thrust



TRG sec

TS 1b

Tix 1b
TTRl deg
T2 deg
Trr3 deg

Yp

UpIWR

YR

Ut

UTIWR

Yyaw

VQB ft/sec
Vi ft/sec
VHT . ft/sec
ViTu ft/sec

main rotor speed response time constant

TF-34 starboard engine net thrust

tail rotor thrust

tall rotor series trim input

tail rotor SAS input

collective mixing input, tail rotor

blade segment perpendicular velocity

perpendicular interference of wing on

main rotor

blade segment radial velocity

blade segment tangential velocity

tangential interference of wing on

main rotor

blade segment resultant velocity

resultant velocity at drag brake

inertial axes velocity, east direction

resultant velocity at lower horizontal

tail

resultant velocity at upper horizontal

tail
19



N

NOW

TOW

XS

t
/[1P

ATRB

XVT

XWF

20

ft/sec

ft/sec
ft/sec
ft/sec2
ft/sec
ft/sec

ft/sec

ft/sec

ft/sec2

ft/cec
ft/scc
ft/sec

ft/sec

inertial axes velocity, north direction

wing on main rotor normal velocity

interference factor

wing on main rotor tangential velocity

interference factor

resultant velocity at vertical tail

X-body axis translational velocity

X-body axis translational acceleration

drag brake X-body axis velocity

lower horizontal tail X-body axis velocity

upper horizontal tail X-body axis
velocity

pilot station X-body axis velocity

main rotor X-shaft axis translational

acceleration

tail rotor A-shaft axis velocity

tall rotor X-body axis velocity

vertical tail X-body axis velocity

wing-fuselage X-body axis velocity



VYB ft/sec Y-body axis translational velocity

YB ft/sec2 Y-body axis translational acceleration

VDB ft/sec drag brake Y-body axis velocity

VYHT . ft/sec lower horizontal tail Y-body axis
velocity

c : . 7

VYHTU ft/sec upper horizontal tail Y-body axis
velocity

VYIw ft/sec wing sidewash velocity at vertical
tail, Y-body axis

VYP ft/sec pilot station Y-body axis velocity

vs ft/sec2 main rotor Y-shaft axis translational

acceleration

VYTR ft/sec tail rotor Y-shaft axis velocity

VYTRB ft/sec tail rotor Y-body axis velocity

VYVT ft/sec vertical tail Y-body axis velocity

VowF ft/sec wing-fuselage Y-body axis velocity

VZ ft/sec inertial axes velocity, vertical direc-
tion

VZB fr/sec z-body axis translational velocity

VZB ft/sec2 Z-body axis translational acceleration’

21



ZDB

ZHT

ZHTU

ZIW

ZIWU

bd

CG

22

ft/sec

ft/sec

ft/sec

ft/sec

ft/sec

ft/sec

ft/sec2

ft/sec

ft/sec

ft/sec

ft/sec

1b

1b

1b

in

drag brake Z-body axis velocity

lower horizontal tail Z-body axis

velocity

upper horizontal tail Z-body axis

velocity

wing downwash velocity at lower

horizontal tail, Z~body axis

wing downwash velocity at upper

horizontal tail, Z-body axis

pilot station Z-body axis velocity

main rotor Z-shaft axis translational

acceleration

tail rotor Z-shaft axis velocity

tail rotor Z-body axis velocity

vertical tail Z-body axis velocity

wing-fuselage Z-body axis velocity

aircraft gross weiglht

main rotor blade weight

aircraft weight less main rotor blades

waterline station for total aircraft C.G.



CGB

DB

in

in

in

in

in

in

in

in

in

in

deg/sec

1b

%

waterline station of C.G. for total

aircraft less main rotor blades

waterline

waterline

waterline

tail

waterline

tail

waterline

waterline

waterline

waterline

waterline

station

station

station

station

station

station

station

station

station

reference point

for

for

for

for

for

for

for

for

for

drag brake

TF-34 engines

lower horizontal

upper horizontal

main rotor

pilot's head

tail rotor

vertical tail

wind tunnel data

wing motion rate limit

lateral stick position

longitudinal stick position

total aircraft body axes longitudinal

force

collective stick position



KCPUDR % directional CPU lever position

: 9 ; . -

ACPULG % longitudinal CPU lever position

XCPULT % lateral CPU lever position

XDB 1b drag brake body axes longitudinal force

ADRAG % drag brake lever position

XE 1b TF-34 engine body axes longitudinal
force

XFLAP Z flap lever position

XHT 1b lower horizontal tail body axes
longitudinal force

v ;

Ty 1b upper horizontal tail body axes
longitudinal force

XMR 1b main rotor body axes longitudinal
force

XP 4 pedal position

e

main rotor speed lever position

“rE

XRPMJTP A TF-34 port engine throttle position

XRPMJTS “ TF-34 starboard engine throttle position

XT 1b total empennage body axes longitudinal
force

24



XWING

BODY

DB

HTU

MR

TOT

TR

VT

1b

1b

1b

1b

1b

1b

1b

1b

1b

1b

1b

1b

1b

1ib

tail rotor body axes longitudinal force

vertical tail body axes longitudinal

force

wing-fuselage body axes longitudinal

force

wing lever position

total aircraft body axes lateral force

drag brake body axes lateral force

. TF-34 engine body axes lateral force

lower horizontal tail body axes lateral

force

upper horizontal tail body axes lateral

force

main rotor body axes lateral force

total empennage body axes lateral force

airframe side force less empennage

tail rotor body axes lateral force

vertical tail body axes lateral force

wing-fuselage body axes lateral force

25



Y2(n)

BODY

DB

HTU

OHTT

26

1b

1b

1b

1b

1b

ib

1b

1b

1b

1b

deg

deg

deg

generalized nondimensional distance

along main rotor blade

center of 1lift position of n th blade
segment from hinge

total aircraft body axes vertical force

drag brake body axes vertical force

TF-34 engine body axes vertical force

lower horizontal tail body axes vertical

force

upper horizontal tail body axes vertical

force

main rotor body axes vertical force

total empennage body axes vertical force

tail rotor body axes vertical force

vertical tail body axes vertical force

wing-fuselage body axes vertical force

angle of attack of drag brake

angle of attack of lower horizontal tail

total angle of attack of lower horizontal

tail



“HTU

“YTTU

%TRANS
Sy

T

TR

SP

&Gy

At

deg

deg

rad

deg

deg

deg

deg

rad

rad

rad/sec

rad/sec2

deg

deg

deg

sec

angle of attack of upper horizontal tail

total angle of attack of upper

horizontal tail

blade function angle of attack map entry

angle of attack of vertical tail

total angle of attack of vertical tail

angle of attack of wing

angle of attack of wing~fuselage

blade segment angle of attack

blade flapping angle

blade flapping velocity

blade flapping acceleration

angle of sideslip of wing-fuselage

tail rotor cant angle

main rotor swash plate rotation

two-dimensional blade drag coefficient

increment

integration step size

27



85 (a)

Ly

28

deg

rad

rad/sec

rad/sec‘

deg

rad

deg

deg

deg

deg

deg

deg

deg

deg

deg

deg

blade segment width

main rotor azimuthal advance angle

blade lagging angle

blade lagging velocity

blade lagging acceleration

aileron deflection angle

blade lagging angle aft limit

alleron deflection angle lower limit

alleron deflection angle upper limit

series trim input to ailerons

lateral SAS input to ailerons

drag brake deflection angle

drag brake deflection angle lower limit

drag brake deflection angle upper limit

elevator deflection angle

elevator deflection angle lower limit

elevator deflection angle upper limit



dEl deg series trim input to elevator

GEZ deg longitudinal SAS input to elevators

GF deg flap deflection angle

GFL deg flap deflection angle lower limit

6FU deg flap deflection angle upper limit

GFWD rad blade lagging angle forward limit

GPE % TF-34 engine fan speed demanded

GPED 7% GPE after response delay

GPEL pA TF-34 engine idle fan speed

SPEU Z TF-34 engine maximum allowable fan speed

GPEl % series trim input to TF-34 engines

6R deg rudder deflection angle

6RE % main rotor speed selector

SREL % main rotor speed selector lower limit

SREU % main rotor speed selector upper limit

6RE1 . % series trim input to main rotor speed
selector

GRL deg rudder deflection angle lower limit

29



RU

R1l

R2

BODY

BODY

CTR

CUFF

TR

30

deg

deg

deg

deg

deg

deg

deg

deg

rad

deg

deg/sec

deg

deg

deg

rudder deflection angle upper limit

series trim input to rudder

directional SAS input to rudder

main rotor blade hinge effective skew

angle, pitch-flap coupling

tail rotor blade hinge effective skew

angle, pitch-flap coupling

wing downwash angle at lower horizontal

tail

wing downwash angle at upper horizontal
tail

blade segment pitch angle

blade segment pitch angle

body Euler angle, pitch

body Euler angle rate, pitch

impressed tail rotor collective pitch

angle

impressed main rotor collective pitch

angle

actual tail rotor collective pitch angle



1TR

deg/unit main rotor blade twist
radius

deg/unit tail rotor blade twist
radius
main rotor inflow
tail rotor inflow

tail rotor resultant velocity

X-body axis translational velocity at

main rotor hub

X-shaft axis translational velocity at

main rotor hub

X-shaft axis translational velocity at

tail rotor hub

Y-body axis translational velocity at

nain rotor hub

Y-shaft axis translational velocity at

main rotor hub

Y-shaft axis translational velocity at

tail rotor hub

Z-body axis translational velocity at

main rotor hub

7-shaft axis translational velocity at

main rotor hub

31



uZTR Z-shaft axis translational velocity at

tail rotor hub

& e/Ryp

3 e Ry

p slugs/ft3 air density

GTR tail rotor solidity

OuT deg wing sidewash angle at vertical tail

Tp sec time lag in wing flow reaching lower
horizontal tail

TTU sec time lag in wing flow reaching upper
horizontal tail

¢BODY deg body Euler angle, rol}

éBODY deg/sec body Euler angle rate, roll

X deg main rotor wake skew angle

Y deg main rotor blade azimuthal position

wBODY deg body Euler angle, yaw

.BODY deg/sec body Euler angle rate, yaw

wWF deg —BWF

Q rad/sec actual main rotor rotational velocity
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Subscripts

Special symbols

(Cp/)!

(r/RMR)

(dao/dT)

£( )

rad/sec2

rad/sec

rad/sec

deg/1b

main rotor rotational acceleration

main rotor nominal trimmed rotational

velocity

tail rotor rotational velocity

current mathematical mecdel iteration

past iteration

main rotor thrust coefficient based on
aerodynamic loading only. Used in

calculation of U
WHMR
nondimensional main rotor radius

rate of clhiange of cone angle with thrust

indicates function of ( )
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GENERAL DESCRIPTION OF MATHEMATICAL MODEL

The overall structure of the mathematical model is shown by the simplified
block diagram in figure 2. This modular format allows selection of desired
alrcraft configurations or dynamic configuration changes, such as, blade
severance, by input logic. The aircraft configurations which can be modeled
are: a helicopter, a compound helicopter, and a fixed wing aircraft with or
without a tail rotor. Mutual interference effects link the various component
parts of the aircraft together.

The aircraft equations of motion are solved iteratively by summing the
forces and moments of each module relative to the aircraft center of gravity.
From the subsequent body axes accelerations, the resulting velocities and
displacements then condition the environment for each module in subsequent
calculations of the mathematical model. The body axes system used is shown
in figure 3. The final aircraft motions can be transferred into the earth
inertial axes for use in driving simulator cockpits in real-time man-in-the-
loop simulation studies. The remainder of this report will discuss in detail

each module of the mathematical model.

MAIN ROTOR MODULE

The rotor mathematical model is a rotating blade element model of an
articulated rotor system. The total forces and moments are developed from

a combination of the aerodynamic, mass, and inertia loads acting on each
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blade simulated. The aerodynamic loads are determined from blade element
theory as a function of local blade angle of attack and Mach number.
The summation of the aerodynamic, mass, and inertia loads gives the shear
loads on the blade root hinge pins. The total rotor forces are obtained
by summing all the blade shear loads. The total moments at the hub are
based on the hinge offset from the center of the shaft. The forces and
moments are then transferred to the body axes system for solving the air-
craft's equations of motion. The following basic assumptions are made in
the rotor representation:
1. Rotor blade and airframe flexibility are not taken into account.
2. Air mass flow degree of freedom through the rotor can be
represented by applying a simple lag to the calculation of
downwash. The only nonuniform flow considered results from in-
creases in forward speed. This causes a redistribution of the
uniform flow from the front to the back of the disk.
3. Simple sweep theory.
4. The aerodynamic loads are quasi-static.
5. The distributed blade mass characteristics can be represented as a
total blade first mass moment and a total blade inertia about the hinge.
6. The flapping and lagging hinges are coincident.
The details of the main rotor module will be discussed in the following
sections. The corresponding equations and data are presented in appendix

A and tables 1-4, respectively.
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Rotor Geometric Parameters - The rotor geometric parameters are listed

in table 1. The calculation of the effect of the rotor blade weight on the
aircraft center éf gravity position is presented in section A-1 of appendix
A,

The simulated rotor blades are divided into segments based on equal
annulii areas of the rotor disk. This allows the number of segments to
be minimized, input data to be reduced, and the segments to be distri-
buted toward the high dynamic pressure areas of the blade. This becomes
important when real-time simulation is required as is shown in references
3 and 4. The equations used to define the blade segments are presented

in section A-2.

Velocity Components at Each Blade Segment - The total air velocity

components at the blade segments are made up of the body velocities, rotor
downwash, blade motion, and up-wash from the wings.

Before calculations at the blade segment can be executed, several
axes transformations must be implemented. Initially body axes angular
and translational accelerations and velocities are transferred to the
rotor hub and rotated through the shaft inclination angles ie and i¢ into
the rotor shaft axes. These angles are Fuler angles with positive rotation
of ie about the YH axis followed by rotation of i¢ about the resulting

X. axis (figure 4 and section A-3). The body translational accelerations

S
and velocities at the rotor hub are presented in sections A-4 and A-5
regspectively. Sections A-6 and A-7 present the body translational and

angular accelerations and velocities at the rotor hub in the shaft axes

system.
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Sections A-8 and A-9 present the rotor azimuthal advance angle calcu~
lations and rotor speed degree of freedom calculations respectively.

The uniform rotor dovmwash is calculated by appliication of momentum
theory to the rotor thrust (section A-10). To approximate an air mass
degree of freedom, the decwnwash 1s passed through a first order lag with
a time constant of 0.1 seconds. The resulting uniform downwash is dis-
tributed first harmonically around the azimuth as a cosine function
depending on the inclination of the rotor wake. This results in uniform
downwash at hover and a weighted distribution toward the aft portion of
the rotor disk at high forward velocities. The first harmonic inflow
coeffigients are presented in section A-11. Since this effect is really
dependent on the resultant velocity vector a lateral velocity term is
also added. The velocities azt the blade segments are obtained by trans-
forming the fixed shaft vectors into the rotating hub axes system, then
transferring to the blade hinge positien, transforming inte blade span
axes through the Euler angles 6 (flapping) and ¢ (lagging) and finally
transferring to the segment position on the blade. These transformations
are 1llustrated on figure 5.

The 1ifting wing under the rotor (compound helicopter only) influences
the flow field in the plane of the rotor disk. This effect is introduced
into the rotor model by distributing normal and tangential velocity
functions, dependent con forward speed and wing lift, (approximated to wing
and body 1i1ft) around the azimuth and along the radius of the blade (section
A-12). These data were obtained from the Sikorsky Aircraft petential flow

program. While not rigorous, it was considered within the accuracy of the
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data to add these effects to the other components without resolution
through the flapping and lagging angles. Data for the velocity functions
are provided in table 2,

The final contribution to the velocities at the blade segments is that
due to blade motion. Sections A-13 and A-14 present the blade flapping
and lagging equations respectively. Blade flapping and lagging velocities
and angles are obtained by application of a Fourier prediction technique,
rather than by direct integration of the acceleraticns. The total velocity
components (section A-15) are subsequently used to calculate the resultant
velocity (section A-16), local Mach number (section A-17), yawed angle of
attack (section A-18), and flow yaw angle (section A-18). It should be
noted that the segment Mach number which is used in the aerodynamié function
tables is based on the perpendicular and tangential velocities. Previous
studies indicate that Mach number should be based on the unyawed component

of flow.

Blade Aerodynamic Data - The total local segment angle of attack

(section A-18) is the summation of blade geometric pitch angle (section
A-19) and the yawed angle of attack on the blade. The former is made up

of collective pitch (6 ), lateral cyclic (Als), longitudinal cyclic (B

CUFF 157
blade twist contribution, a component due to blade pitch-flap coupling (63),

and components for effective oy hinge contributions. Als and Bls are dis-

tributed as cosine and sine functions dependent on blade azimuth and swashplate

setting. The collective pitch, 0 18 defined in this equation as

CUFF’
applied at the start of the blade, i,e., & + £' from the center of rotation.
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Twist is assumed to washout at the rate of Gl per unit radius from that
point. The yawed angle of attack is complicated by the requirement to
resolve blade pitch into the local stream directicn as shewn in figure 6.
The resulting equation assumes the series approximation (to the 5th power)
for the tangent of blade pitch.

The treatment of the blade segment aerodynamic force calculation is
completely non-linear. Lift and drag characteristics are provided for the
range -180° < a < +180°. Bivariate tables as a function of angle of attack
and Mach number are used in fhe range -30° <o <+ 30° allowing good
definition of blade stall. A univariate table is used for the remainder cf
the range. The complete coverage of angle of attack allows good definition
of aerodynamic characteristics on the retreating blade side of the disk.

This is important at high advance ratios. The blade segment lift coefficient

is determined by applying simple sweep theory to the unyawed blade aerodynamic
data. This is rigorously applied in the linear 1ift range where the entry

to the unyawed lift coefficient is transformed by the cosine of the yaw angle

(i.e., = a, cosy) and the entry Mach number is a function of the unyawed

“rrans ~ ‘v

component of flow. At higher angles of attack some liberties are taken where
sweep theory 1s not valid. These steps are taken to avoid discontinuities 1in
blade lift data as the blade proceeds around the azimuth. Discontinuities

can result in an unstable flapping and lagging solution. The application of
sweep theory to the determination of drag is not well established. TFor this
model, drag is determined by entering the drag data with the actual vawed angle

of attack, (aTRANS = aY). Univariate and bivariate tables of blade 1lift and

drag coefficients as a function of O RANS and Mach number are tabulated in
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table 3. Table entry logic is shown in section A-20. It should be noted
that a tip loss factor is applied to the tip segment.

The aerodynamic segmental loads are resolved into blade span axes
(section A-21), and summed along each simulated blade (section A-22).
Finally, they are resolved into rotating shaft axes (section A-23), as
aerodynamic shears at the hinge. It should be noted that the angles 8

and § are Euler angles and order of treatment must be observed.

Blade Motion About the Flapping and Lggging Hinges - The contributions

to flapping and lagging accelerations, about the corresponding hinges, are
aerodynamic moments, hinge restraint moments, and inertia moments. The
aerodynamic moments are simply obtained from the segment forces multiplied
by the segment moment arms and summed along the blade (section A-24).
The hinge restraint moments (section A-25) are represented by spring
and damping resistance to motion. The flapping restraint moment derivatives
are set to zero for an articulated rotor system. These térms can be used
to represent a hingeless system using the virtual hinge approach. The
lagging hinge restraint derivatives are derived from damper tests. For
the RSRA rotor system, the damping characteristics are presented in table 4.
The derivation of the inertia loads on the blades is a lengthy process
and is not presented in this report. The inertia shears at the hinge are
presented in section A-26. Normally some inertia terms integrate to zero
around the rotor azimuth and are eliminated. 1In this case they are retained
in order that the rotor model can be used for evaluating out-of-balance loads
following blade severance. The final blade flapping and lagging acceleration

equations are given in sections A-13 and A-14 respectively.
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Total Rotor Forces and Moments - The total blade forces (section A-27)

at the hinge in the rotating shaft axes are obtained by summing the aero-
dynamic and inertia shears. Total rotor forces (section A-28) are then
obtained by resolving the forces into the fixed shaft axes and summing them
over the simulated number of blades. At this point, the compensation for
the actual number of blades is spplied if necessary. It should be noted that
the rotor thrust, TA (used in the calculation of (CT/U)f and subsequently the
downwash on the next iteration through the equations), 1s based on the aero-
dynamic shears alone. Total rotor hub moments (section A-29) are developed
from the total blade shears and the blade restraint moments, transferred
into the fixed shaft axes, and surmed over the number of simulated blades.
As with the blade forces, the compensation for the actual number of blades
{g added at this point if necessary. I1f the blade lagging degree of freedom
is eliminated, the alternate equation for calculating rotor torque is
applied. Figure 7 presents the total rotor forces and moments in the fixed
shaft axes system. The final rotor forces and moments are obtained by
transforming the shaft axes forces and moments into body axes with the
origin at the center of gravity (section A-30). These are eventually summed
with other component outputs to give the total exzernal forces and moments.
Section A-31 presents the flapping and lagging Fourier coefficients,
and section A-32 presents the rotor wake skew angle (figure 8). The
rotor wake skew angle is the angle that the center line of the rotor wake

makes with the rotor shaft. It is this parameter which is used to establish

the variation of rotor wash on the fuselage, wing, and tail.



Figure 9 presents a detailed block diagram of the equations which make
up the rotor mathematical model. References 3, 4, and 5 provide an insight
into the problems associated with using this rotor mathematical model for

real-time man-in-the-loop simulations.

FUSELAGE MODULE

In this module, the tail-off aerodynamics for the fuselage only (heli-
copter) and for the fuselage/wing/nacelles combination (fixed wing) are
represented. The aerodynamic data are presented in the wind axes system
and in parametric format (ex L/q = th). The assoclated equations for
generating the forces and moments for the selected configuration are pre-
sented in appendix B. Unless otherwise noted fixed wing refers to the
compound'configuration also.

The effects of rotor wash on the airframe has been treated in gross
terms. The technique used provides the essential effects of increased
interference velocity with increased rotor load and varies as the rotor
wake deflects rearward with increased forward speed. The normalized rotor
wash in the vicinity 6f the wing and fuselage as a function of rotor wake
skew angle (Yy) is given in section B-1 and table 5.

For entry into the aerodynamic data functions, the angles of attack
and sideslip, sections B-2 and B-3 respectively, are derived from the wing-
fuselage body axes components of velocity (section B-4). These velocity
components include additions for rotor downwash effects. Following these
calculations, the aerodynamics of the desired configuration are determined

as a function of these calculated angles, wing incidence, flap setting,
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aileron setting, thrust setting, and the body pitch, roll, and yaw rates.
The total forces and moments, section B-5, are generated based on the
aerodynamic data in tables 6 to 17. The aerodynamic data are based on
wind tunnel tests conducted to post stall conditions and are extended with
analytical justification to + 90° to cover the low speed flight regimes. Con-
tributions due to aerodynamic damping are derived using a derivative approach.
These derivatives are presented in table 18.

The total aerodynamic forces and moments are resolved from wind axes
to the body axes at the center of gravity in section B-6. The wind tunnel
mounting positions are presented in table 1 and in figure 10. Because O
and BWF are not Euler angles, when they approach 90° the transformation in
section B-6 gives invalid body axes forces and moments. To aveid these con-
ditions, section B-7 is introduced which fades out the transformation and
introduces fixed body axes parameters estimated specifically for hover and low

speed flight. These parameters are presented in table 19;

EMPENNAGE MODULE

The empennage has been modeled separately from the airframe to facilitate
tail configuration changes. The separate empennage formulation allows good
definition of non-linear tail characteristics and allows changes to the
empennage without regenerating complete airframe data functions. Two tail
configurations were used for the RSRA simulation. The first configuration, for
the helicopter, was a T-tail with ground adjustable incidence. The second con-
figuration was used for the compound and fixed wing versions. This consisted

of a fixed upper T-tail, and a lower horizontal tail with variable incidence
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and geared elevator. The empennage also includes the vertical tail with a
rudder and a lower vertical fin with a drag brake. The geometry associated
with the empennage is presented in section C-1 of appendix C, table 1, and
figure 11. Table 20 presents an effective longitudinal moment arm for the

vertical tail which 1s variable as a function of a W and GF. This

WF’ ll}WF’ i
is a convenient means for portraying the nonlinear aerodynamic characteristics.
The rotor downwash at the tail (section C-2 and table 21), which
depends on rotor loading and rotor wake skew angle, is derived in a similar
manner to the downwash at the body. The vertical tail is assumed to ex-
perience the same downwash as the lower horizontal tail. The downwash),
from the fuselage/wing/nacelles combination (section C-3 and tables 22 and
23), is derived from wind tunnel test data in terms of the downwash angle €.
Small angles are assumed, allowing the Z component of velocity to be ob-
tained without changes to the X component. Sidewash (section C-3 and
tables 24 and 25) at the vertical tail is treated in a similar fashion. The
basic 1lift dependent downwash from the nacelles and fairings is included
in the basic downwash data. The engine efflux is represented as a change
in dynamic pressure at the tail. Finally, the interference effects are
modified by a pure time delay based on tail arm and forward speed. This is
presented in section C-4.
The dynamic pressure at the tail is expressed as a velocity ratio
factor rather than a pressure ratio factor. Provision is made for dynamic
pressure ratio corrections to be applied to each empennage component

(section C-5 and tables 26-28). By necessity, these are average effects

at each component.
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The total velocity components for the lower horizontal tail (section

C-6) are made up of contributicns from the basic body axes translational
and angular velocities, rotor wash, and fuselage/wing/nacelle downwash

and sidewash. Dynamic pressure loss is introduced by factoring out the X
component from the basic body velocity. The actual dynamic pressure at the
tail is calculated from the resultant velocity vector. Ttis allows a more
representative defipiticn of dynamic pressure at low speeds where downwash
from the rotor dominates the flow at the tail. Section C-7 presents the
definition of angle of attack for the lower horizontal tail. This and

control setting, § define the lower horizontal tail aerodynamic forces

E’
(section C-8 and table 29), using isolated tail data. The aerodynamic
forces are then resolved from wind axes into body axes at the tail (section
c-9).

A similar procedure is used to define the velocities, angles, and
forces for the upper horizontal tail, the vertical tail, and the drag
brake. Section C-10 through section C-21 and tables 30-33 present the
equations and data for these components.

Finally, all components of the empennage are surmed, section C-22, to
provide the tall forces at the aircraft center of gravity. Moments about
the center of gravity due to the tail forces are obtained by multiplying

the forces by the appropriate tail moment arms. Figure 12 presents an

overall detailed block diagram of the empennage model.

45



TAIL ROTOR MODULE

The tail rotor model is a simplification of the linearized closed form
Bailey theory developed in reference 6. Terms in tip speed ratio greater than
H-squared have been eliminated.

The geometry of the tail rotor lccation is presented in section D-1
of appendix D, table 1, and figure 13.

The airflow impinging on the tail rotor (section D-2) is calculated
in a similar manner to the velocities at the empennage. These are
normalized by tip speed (secticn D-3) for the Bailey calculatior. The
basic Bailey equations have been retained with sore additions. 1In order

to obtain the actual tail rotor collective, (section D-4), it is

eTR
necessary to modify the value used in the Bailey formulation by a contri-

bution due to (pitch-flap coupling). It has been shown by Sikorsky

63TR

Aircraft data that GBTR effects can be conveniently compensated. This
method relies on the derivative, (daO/dT), being constant for a given
tail rotor system. With thrust being known from the previous iteration of
the equations, the coning, and hence blade pitch can be determined.

The Bailey theory equation, sections D-5 through D-8, is normally
presented as the thrust coefficient in terms of the 't' coefficients.
It should be noted that the equations have been manipulated to obtain an
expression for downwash (section D-6). This was found to be necessary to

obtain an unconditionally stable solution. It is important that computer

program flow follows the equation flow for a stable tail rotor solution.
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A blockage factor KTRBLK is applied to the firal thrust output, section
D-8, to account for the proximity of the vertical tail. This correction
is empirical and based on Sikorsky Aircraft flight test data of other
helicopters.

This simplified tail rotor model only calculates thrust. No account of
H force is included in the final tail rotor force outputs. The tail roter
thrust is finally resclved inte the tody axes Icrces and mements at the

aircraft center of gravity which are presented in section D-9.

AUXILIARY ENGINE MODULE

As stated previously, the auxiliary engine associated nacelle aerodvnamics
are included in the fuselage module. In the auxiliary engine module, the
direct thrust, momentum drag effects, and engine out effects are modeled. The
engine geometry is presented in gsection E-1 of appendix L, table 1, and
figure 14.

The dynamic respcrnse of the auxiliary engines is eimulated by & simple
time delay and a first order lag as shown by the block diagram in section
E-2. After the pilot's commanded RPM is processed through the dymamics.
the thrust and mass flow of each engine is calculated from the relationships
in section E-3. These equations are a function of RPM and mach number.

The thrust relationship presented is based on the RSRA TF-34 engine per-
formance data. Two engines are represented ir order that one-engine-out
flight characteristics.can be simulated.

The final engine force and moment effects at the aircraft's center

of gravity are obtained from section E-4. The thrust is resolved through
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the engine cant angle and summed with the inlet momentum forces. Since
net thrust is represented in section [-3, no momentum effects appear in

the X body axis equation.

CONTROL SYSTEM MCIULE

The control system represented in this module includes a full compliment
of both helicopter and fixed wing controls., This includes the primary system,
the secondary system and the stability augmentation system. In simulating
the compound vehicle, the helicopter primary contrcl system can be mixed
with the fixed wing primary control system. The mixing of controls is
accomplished through the control phasing units (CPU). This control phasing
capability allows adjustment of the control semnsitivity throughout the
compound flight envelope. Figure 15 presents the control system sign
convention used in this report, and table 1 presents the control system
gains and limits.

Figure 16 through 18 present a diagramatic representation of the
primary control system for all three axes. For the longitudinal axis
(section F-1 of appendix F), the pilot's control stick position is summed
with the stability augmentation output. The summation is then processed
through the CPU. This provides outputs as a function of the CPU setting
which are ratioed to helicopter controls and to fixed wing controls.

Next, the output is summed with a series trim system. The series trim
is a research control used by the onboard computer and/or pilot. The
longitudinal fixed wing control includes an interconnect input for the

wing tilt to the horizontal tail., The longitudinal heliccpter control
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includes a collective mixing input. The lateral and directional control
systems are similar to the longitudinal system and are presented in sections
F-2 and F-3, respectively. The final primary control for the helicopter

{s the collective control system which is presented in section F~-4. The

CPU functions described above are generated from logic driven by the CFU
control levers. The conzrol lever equations are presented in section F-5,
and the CPU logic is presented in section F-6 and figure 19.

The secondary control systems consist of wing incidence (section F-7),
drag brake (section F-8), flaps (section F-9), auxiliary engine throttles
(section F-10), and main rotor engine throttles (section F-11).

The block diagrams of the stability augmentation system (sAS) for
the pitch, roll, and yaw axes are presented in figures 20 through 22. The
SAS model is a simple rate plus lag rate system for pitch and roll with a
washout in the pitch channel. The yaw SAS is a simple rate system with

washout. Section F-12 presents the equations and gains for the SAS system.

GENERAL FQUATION MCDULE

The forces and moments derived from the various simulated components
of the aircraft are summed in section G-1 of appendix G. These equations
provide the total applied external forces and mcments, acting at and about,
the center of gravity in the body axes system. These forces and moments
are then introduced into the general equations of motion from which the six
components of accelerafion are solved (section G-2). It should be noted

that these are the equations of the aircraft without rotor blades. thus
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only the aircraft body mass is used. The rotor blade mass is accounted for
in the rotor degree of freedom equations.

The Euler angle rate equations are given in section G-3, and the body
axes to inertial axes transformation is presented in section G-4. Large
angles are assumed throughout the calculations. At this point the kinematic
model of reference 7 is used to calculate the accelerations in the inertial
axes. These accelerations are then integrated to form the inertial
velocities and positions of the aircraft. The inertial velocities can then
be used to form the body axes velocities.

The geometry associated with the pilot's station is presented in
section G-5, table 1, and figure 23. The equations are written for the
starboard pilot's position. Sections G-6 and G-7 present the accelerations
and velocities, respectively, at the pilot's stationm,

Finally figure 24 presents the total block diagram for the simulation

of the Rotor Systems Research Aircraft.

CONCLUDING REMARKS

This report describes the present version of the mathematical
model representing the Rotor Systems Research Aircraft. The mathematical
model, incorporated into a real-tire simulation, provides an excellent
method by which evaluation of promising rotor and control corcepts can be
conducted. The real-time man-in-the-loop simulation also provides a
method by which pilot training and preflighting of experiments can be

conducted. It is recommended that this mathematical model be continually
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updated as the flight vehicle is tested. It is further recommended that
studies in the area of mathematical modeling be conducted to provide a

more valid representation for each of the various components.
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AFPTENDIX A

AT ROTOR MODULL LQUATIONS

A-1 Effect Of Rotor Blade Weight On CG Postions
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A-2 Rotor Blade Definition
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The blade segments are set-up based on equal annulii area.
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APPENDIX A

Distance to segment center of lift per unit radius,
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APPENDIX A

A-3 Body Axes To Shaft Axes Transformation Matrix

cos 16 0 -sin ig
[ABS] = | sin iy sin i, cos 1, cos iy sin i¢
sin i cos 1i. -sin i cos i, cos i
€ ¢ ¢ 6 ¢
where i6 and i¢ are Euler angles with positive rotations of ie about the
Y-hub axis and then i about the resulting X-shaft axis.

¢

Shaft axes to body axes transformation matrix

T
[Agp) = [Ay]

since [ABS] is an orthogonal matrix.

A-4 Body Translational Accelerations At The Rotor Hub

= _ _ 2 2 _ *
VXH VXB rVYB + qVZB lMR(q +r°) + bMR(pq r)

hMR(pr + q) + g sin eBODY

- X .

VYH = VYB pVZB + rVXB + lMR(pq +r) - bNR(p +r9)
- hpar - p) - g sin gpy, cos By,

Vou = Vg = Wy * Py + Lp(Pr - @) + by, (ar + p)

+

2. 2
hyg(P™ + a7 - g cos ¢y cos By

gravity terms are added for convenience at this point. They are normally

found in the [} and ¢ equations.
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A-5 Body Translational Velocities At The Roteor Hub

(non-dimensionalized by ”TRMR)
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A-6 Body Translational And Angular Accelerations At The Hub In Shaft Axes

L S J .

A-7 Body Translational And Angular Velocities At The Hub In Shaft Axes

-
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A-t Rotor Azimuthal Advance Angle
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where Ay = 57.3Q At.

A-9 Rotor Speed Degree Of Freedom

If rotor speed is governed perfectly

v = SR oy

.
L=O.

If rotor speed degree of freedom is released

e

]
o
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N

. .QL - Q
where Sti —TR—

A-10 Rotor Uniform Inflow Velocity And Downwash

, .
bar7s) (Cr
2

2T Rp/ 9
7 172

2, 2
(s * Hyg ¥ AMRi—l)

K —1j A
b =220, +L'1_J
WMR Ry | WHMR,_; Ky

e, = Mzs T Y,
1 1

where -
s w202
2T R [ AJ

and Ki is an input constant normally set to 6.0 which gives an approximate

air mass lag of 0.1 seconds for o

WiR®
A-11 First Harmonic Inflow Coefficients
2,2 ]1/2
- thio 7 Hyg
GL i 1/2

2 2 2
[weg + byg * Anni}
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K., =K Pxs
1x - YLy, ) , 172
[igs + ¥ys * Mg, ] J
l P
K., = K s
1y ~ 6L 1/2

2 2 2 -
(W + Moo + A
TKS 7S~ MRT

A~12 Wing Interference Airflow At Tne Rotor

1f the vehicle is configured as a helicopter do not calculate this section

and set Upip = Uppp =0

Wormal induced velocity -

Viow = E(t/Rygs Yyap)

1f 0% < ¢ < 180°

Yap = ¥
A
XB
u = -v ) 0.03608
PIWR NOW QR
if 180° < y < 360°
Yyap 360° - v

VxB
= -V (—==) 0.03608
PIWR HOW SR

Tangential induced velocity -

Voow = f(r/RMR’ Yaap)

if 0% < ¢ < 180°
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Yp = ¥
Yo -vmw(ﬂ:—%;) 0.03608
1f 180° < y < 360°
Yyap = 360° - y
TR Vrow(?;,%) 0.03608
The values for VNow and VTow are presented in the data section of this

paper.

A-13 PBlade Flapping Equations (Rotating Shaft Axes)

B = ;E {%os B{VZS + e[ZQ(pS cos Y - q sin )

! .
+ Pg sin Y + qs cos Y]} + sin B cos & {VYS sin

V.. cos Y - e(rS - Q)Z{] + coszs [cos G{ps sin ¢

XS

+ q  cos Y- 2(8 + Q)(qS sin y - Py cos V) }

20, sin é(pS sin ¥ + qS cos W{]
M !
in &l 28 o m2 Fa ,
+ cos B sin f [?S(rs - - (rS ) ] + - + -

* i

cos Ay + ) Bi—l sin Ay

1 1 -
-1 Y Byoy sin BV 2 By (1 - cos AY)

A-14 Blade Lagging Equations (Rotating Shaft Axes)

Continued on next page.
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"

S
o E L?ln 6{VYS sin ¥ - Voo cos U e(rs )

i K S | o
cos éiVXS sin ¥ + V__ cos ¢ + e(§ rs)}j

YS

sin £ (,; . i e .
2= = {ap(c _ 4+ &
+ cos P 2+ ¢ rs) + qS sin(y &)

- P, cos(y + &) ] + (r_ - Q)

+ 26[cos 6(qS sin ¢ - pg cos ¥)

A

L

+ sin ﬁ(pS sin ¥ + qS cos W) ] - I, cos S

* ) 1 =
61_ cos Ay + 7 S,

j-1 sin Ay

1 1 -
jo1 Y5 84y sin by :F 6., (1 - cos )

8, £ 65 2 Spup

if no lag degree-of freedom § = é = ¢ = MLD = 0.

A-15 Blade Element Velocities

+

AMR cos b + uY

C
(vl

q

i 5
G cos B[(SAT Kix Dipgdcos ¥ * (aT Ky D) sin ¥

I‘S-H
¢ sin B sin 66—j5—-)
T

B8 .
y2(n)l QT + (R 1X DWMR cos [)cos(y + 6)
Ps )
+ (ﬁ; + KlY DWHR cos B) sin(y + 6),
YpIuR

b

cos B

sin £ sin(y + 6) - Myo sin  cos(y + 6)
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r, — §

Up = Hyg SR+ 8) + o cos(y + 6) - £ cos 5(——5% )
+y [é_.+ (3§ cos(y + &) - Eg sin(y + &) )sin B
2(m) Ty TN Sp
r -0
- COS B( KLI )]
* Urnm

up = AHR sin o + Hyg €OS £ cos(y + 6) - uYS cos L sin(y + &)

q P
e ar s Ps :
+ ¢ sin ﬂ[(uT Kix DWMR)COS,w + (“T + Ky DWMR)Sln V]

rS ~ $
+ & cos B sin 6&¢(

“T )

sin B[ cos(YU + 8) + K sin(y + 8)]

Y2(n) “K1x P 17 Pam

A-16 Resultant Velocity At The Blade Segment

2 2 1/2

2
Uypw = (Up * up + up)
A-17 Mach Number At The Blade Segment

1/2 22
2 . 2 TRMR
(uT + uP) (-‘:;—-)

M=

A-18 RPlade Segment Angle Of Attack (Resolved in direction of local segment

airflow) - N
3 265
A A

[uT(eA + 3 + = ) + uP]lcos '
_ -1
oy = tan - 3 S ?
SA 26A 2
up - uP(GA + 3—-+ —igjcos Y J
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where 3 5
GA ZGA
tan 8A=8A+3—+—1-5—'
os 1] = ——
cos Y| = —
2 2.1/2
uT+uR)

A-19 Blade Segmert Gecmetric Pitch Angle (tlade Span Axes)

6 =6 - A, cos(u+ &

Y -1 . h \ N
CUFr ~ “is sp’ sin(y + Lop)

18
_ ! - 5 Q1 2 . .
+ el(y2(n) Y ) 57-J > tan 63 + l\uo
4K .(57.3 &) + K_,(57.3 &)°
ol : 2 ’

6A = 0/57.3

A-20 Rotor Blade Aerodynamic Data

Lift Coefficient, where

CLY’

4
If
[

0 <M< if M > 1 set

for

D £
Definition o aTRANS CLY

13.5°

o} I o - .
(@) 0° <logls Tos T » Crpans = oy ©08 Y]

o
(b) (1800 - T?gs—_.Y-r) f_laY'f— 1800! aTRANS = ‘aY cos Yl

(¢) 1if (a) or (b) and !aYl > 900,

%y
O'TRANS = |0y cos Y + -IEY-T 1800(1 - {cos Yl)
13.5° L o 8° _
) Tosy Slogis (1807 = 75T s “rrans oy |
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Definition of CLY

if n < ng

e

Cry = To ] £(arpans ™

if n = ng

1 - BMR)

-
U.Y i
= 1] - — A Jg ,
“Ly = To T 5 (neny) (Crpans M)

where n 1is the particular blade segment being evaluated.

Drag Coefficient, C v where

D

o (o}
< <
0" < dppans < 180

0<M<I1;if M>1 set M=1

Definition of GTRANS for CDY

oo .S. IOYI _<_ 1800’ aTR.ANS = IG'YI

Definition of CDY

Cpy = flagpnge™ + 4G,

where ACD is a constant drag coefficient.

The values for CLY and CDY are presented in the data section of this paper.

A-21 Blade Segmental Forces

u
1 .23
Fp =32 pﬂTRMR(cy(n)Ay(n))“YAw(CLY cos 7] T Cpy Up)

1 2.3
Fr = 7 PORR (0 ()Y (n) ) Yyau oy Y1 = Cry up|cos v|)
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_1 23 “p
Fp =7 PURp (€0 ()Y (ny ) vawCpy ™ Cry u |cos vDug

A-22 Blade Aerodynamic Shears (Blade Span Axes)

S

F_._ = I F

PB n=1 P
n=ng

F = r F,.,

B n=1 T
n=ng

FRB = z FR
n=1

A-23 Blade Aerodynamic Shears (Rotating Shaft Axes)

o
]

XA FRB cos B sin & - FTB cos & - FPB sin 5 sin §

FYA = FRB cns B cos 6 + FTB sin § - FPB sin £ cos ¢

F

ZA - (F

rp Sin E + FPB cos L)

A-24 Aerodynamic Moments About The Blade Hinges (Rotating Shaft Axes)

Flapping hinge

Mea ® R nz Y2 m)Fp

Lagging hinge

Ma = B nf- Yom)Fr
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A-25 Blade Hinge Constraint Moments (Rotating Shaft Axes)

Flapping hinge
Moy = —(KgB + Ko)
Lagging hinge

Mp = L(Fg + Fy)

where

Fg = £(6)
T A
F;, = —— F;
8 . )
[s]

The values for KB’ Ké, FG’ and FG are presented in tables 1 and 4.

A-26 Blade Inertia Shears At Hinge (Rotating Shaft Axes)

Normally many inertia acceleration terms integrate to zero around the
azimuth and are eliminated. This rotor model will be used to evaluate rotor
out-of-balance loads following blade release and all significant terms are

retained.
FXI = Mb{cos B cos d(rs - Q-238) + 2 sin B cos S[6F
R - I2 .2 N -
- (rS - )B] + cos B sin §[6° + B° - 2(rS - D6

+ (rs - u)z] + 25 cos B(pS cos | - dg sin y)

W . .
. ‘ b
2 @ - — !
+ £ sin § sin 6} s (sz sin Y + V. cos V)
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F.,. = M {cos B cos G[éz + éz - 2(r. - Q)é + (r. - 9)2]
YI Mb : | S S

+ f sin B cos 6§ + & cos £ sin & - 2B cos B(p, sin ¥
D
W, e .
b 2 b ¥
+ qg cos V) + . (rS - ) + : (VXS cos ¥

B

- i h
VYS sin )

FZI = M,b{é cos B - E,z sin 8 + 2F sin f cos 6(})8 sin ¥

t

+ q. cos W) + cos B sin 8[2(& + &) (p, sin v

S
+ qq cos V) + qq sin ¥ - pg cos vl

- cos P cos 8[2(¢ + 6)(pS cos ¥ - qq sin V)

W.e

. . | Y ) _ .

+ pg sin § + g  cos v)] - oy [ZJ(pS cos ¥ - qg sin )
. L] wb L]

+ pg sin Y + q  cos vl - 7 (VZS)

A-27 Total Blade Shear Forces At The Hinge (Rotating Shaft Axes)

VAN ZA Z1

A-28 Total Rotor Forces (Fixed Shaft Axes)
b=bS

L F
=1

IR

be

T=- ZT
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LI, b=bg
H= Y z (FYT cos § - FXT sin y)
S b=l
o S
J=- By z (FXT cos § + FYT sin ¥)
S b=l
b=b
T, = - bN“R z i F
A bS b=1 ZA
CT ' TA
Q;-) = 573 used in calculation of rotor downwash on
PbaRC75 iR

next iteration. The use of negative coordinate axes system for shaft forces
is to preserve the usual understanding of thrust (T), drag (H), and side

force (J) in helicopter nractice.

A-29 Total Rotor Hub !loments (Fixed Shaft Axes)

b b=bg

L, = < L [(eFZT + MFD cos § - MLD sin B sin &)sin ¥
S b=1

+ (MFD sin § + MLD sin B cos 8)cos Y]

b=b
bNMR 5
M, = _E;— bzl [(eFZT + M, cos s - M, sin B sin S)cos Y

, . . R 1
+ \MFD sin 6 + MLD sin B cos 6)sin ¥

bop S
Q -— I (eF + cos P)
by o oxr T M

If no lag degree of freedom
b

b=bS
WMR
Q=-—— I (eF,.. - cos P)
be Loy AT M A

66



APPENDIX A

A-30 Transformation Of Rotor Forces And Moments Into Body Axes

r S
%mw —H
Yy | = [4gg] ! ~J
& -1
N o
Lr Ly hehr ¥ PurPMR
Mg | = lAgs! My + | “hefir T hebw
WNMRJ Q Lethr ~ Pr¥ur

A-31 Flapping And Lagging Fourier Coefficients
b=b

S
doF ~ SZ'3 I B
S b=l
b=bS
ajgp =~ 2£%Z*él z B cos Y
S b=1
b=bS
bip = " 3£314§1 I Bsiny
S b=1
b=b
L o513 g0
OL bS b=1
b=bS
ajg = Z SZ'B) I & cos
S b=1
2(57.3 s
b1SL b. z § sin Y
S b=1

A-32 Rotor Wake Skew Angle

-1 Yxs

X = tan TXEET + 3] gF
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FUSELAGE MODEL

(Includes Wing and Nacelles)

Total configuration aerodynamic force and moment functions are entered
depending on the configuration selected. Two configurations are currently
available:

(1) Fuselage only

(2) Fuselage plus wing plus nacelles
Hote: Unless otherwise stated, fixed wing refers to the compound configuration

also.

B-1 Rotor Wash In The Vicinity Of The Fuselage/\ing/Nacelles

EKWFX Defined in the data
LKWFZ /f section of this paper

B~2 Angle Of Attack

-1 Vzwr

QWF = tan (V )

XWF

oy = GWF + iw; o in degrees

B-3 Angle Of Sideslip

o Vyur
b, = sin
WF w2 o+ v2 4yt /2
XWF YWF ZWT
wWF = -BWF; SWF in degrees
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B-4 Velocity Components_ And Dynamic Pressure

<
L]

ar = Vs T Pk Cartrhie’

Vywr = Vys
= - 9
Vour = Vzs = Bz Curtrhr’
1 2 2 2
Gr =3P Uyr ¥ Vyr * Vour)

B-5 Total Fuselage Aerodynamic Forces And Moments In The Wind Axes

(a) Helicopter

- L, L
Loor = G ©@up) + 5 ) %yr
= 2 D
Dot = (a (o) *+ = 5 YAy
My My
Muor = G Cp) T3 Gy

Y
Yoor = (E (O s 1Pw))nlWF

_
= (a—

Lvror (oyps Yyp) dyp

N
M
Npor = & Oy bur? ) dyp

(b) Fixed Wing

(T

Y [l

L
L ., L
+ 3 (6ps a) + H (8,))a

D D D



where
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D D
e Cpr ) = O ))ayg

”u My My
MyroT = Oupp i) + 57 (s 1) + 57 (T
+§_‘ . ty, ) ,
5 Cpr g + 5 G+ }‘:zqq)qmr
_ NS SN e
Yror = G W L) T3 W Y 3 Y
+Y(5 ' +1(<S)+Y + Y
Ly Ly Ly
Lyror = (?(i— (o Vi) + T (s 10 + T (Tys W)
+ L“ (¢ b))+ =— LP 3+ +
T (Cps Yyp) ¥ 37 (G4 o) Lw P LM ) ayp
N 11 Ny
Neor T G @ 1) T G ) F 5 (T
NM Ny
+ 3— (GF, wWF) + E— (GA, aw) + NM p+ NM r)qWF
P T
L sy .L L
B8 = E (6, +E ()
D _ 1_)_ ’ R ~
My
3—(6A) =0 .
Y -
Ly Ly . Ly o
7 Camd =g Cug W) -7 Capr
N N N
M LM oM
E— (GA' Qw) = a ((SAS’ O'W) a (GAP’ o-w)
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The terms in the equations in sections (a) and (b) are defined in the data

section of this paper.

B-6 Transformation Of Forces And Moments From Wind To Body Axes

cos BWF cos QWF sin BWF cos GWF -sin QWF

[AWB] = sin BWF -cos BWF 0
cos BWF sin Up sin BWF sin o cos o,
h _h
N TOT
' = -
YWFJ [AWB] YTOT
A =L
w WF TOT
| r 1 -
Lor Lyror ~Yartur :
1 = 1 _ 71 ] }
MoF (A Tor | * Zyptwr * Xrtwr
| ] V
NWF NMTOT YWF1WT ¥
where
I (FsCG - FSWT)/lZ .

th = (WLCG - WIAWT)/lZ .

B-7 Low Speed Phasing Of Body Aerodynamic Data

1f |vwal > 25 .,
X Yure G = S e G



where XLS’ YLS’ ZLS’ LLS’ MLS’ NLS are

paper.
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APPENDIX C

EMPENNAGE MODEL

C-1 Empennage Geometry

Lip = (FSyp = FSpo)/12

hyp = (lyg — Wheg) /12
Loy = (FSppy ~ FSgg)/12
By = (lypy — Woeg) /12
Lyp = (FSyp = FSgg)/12
hyp = (Wlyg = Wlgg)/12
Iy = (FSpg = FSqg)/12

hpp = (Wlpp = WLge)/12

C-2 Rotor Wash At The Tail

-

EK
Ei:x } lower horizontal tail
VA Defined in the data
E .
EEIXU } upper horizontal tail section of this paper
ZU

C-3 Fuselage/Wing/Nacelle Downwash And Sidewash Interference At The Tail

Interference effects at the tail will depend on the selected tail-off

configuration and are defined on the next page as:
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Downwash —
eWT \\ Defined in the data
EWTU ‘j section of this paper.
Cut
Vorw = [57'3] Vep lower horizontal tail
*WTU
Vorwu = [57.3] Vyp upper horizontal tail
Sidewash —
Ot Defined in the data section of this paper.
o]
WT
Ve = 15730 Vis

C~-4 Pure Time Delay For Airflow To Reach The Tail

Tr = lyp/Vxs

Ty = Luru/Vxe

C-5 Dynamic Pressure Loss At The Tail

K

QHT

KQHTU Defined in the data
KQVT section of this paper.
KQDB

C-6 Lower Horizontal Tail Velocities

Viur = VisKour ~ Wt + By CoarfrRm’
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Veur = Vyg = Tlur * Phgr ~ Vyouf (T

Vour = Vzp * Slyr ~ Varef ()~ Epy OppfrRye)
V}Z{T - v)Z(HT + VS?EHT M V%HT

Uyt © % pv}Z{T

where f(TT) is a pure time delay.

c-7 Lower Horizontal Tail Angle Of Attack

v
ZHT
T

-1
[V
XHT

= t
ahT an

GHTT = aHT + iHT H aHT in degrees

C-8 Lower Horizontal Tail Aerodymamic Forces

;2&5 Defined in the
data section of
HT
(———) this paper.

C-9 Lower Horizontal Tail Forces In Body Axes

"[(_Hl) cos Oyq €08 Gyp ~ (L}‘{ =) sin opplay,

Dy
Ypr = '[('_a') sin ogplayr

ler IﬁfT

Zyr = [(_") sin 0y, €OS Oyq + (—?1—) cos oy lay

Ryt =
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C-10 Upper Horizontal Tail Velocities

Verru = VxeRquru T Myru * By Crirhw?

\Y

n
<

£(1...)

o = Vve T Tlyru T PRuru T Vymwt (ru

Vouro = Vzs * Ppry T Vznwf (o)~ By CrangfirRyg)

2 _ .2 2 2
Varu = Vxuto ¥ Vyere t Vzemu
1 .2
Yty = 7 *Vuru

where f(TTU) is a pure time delay.

C-11 Upper Horizontal Tail Angle Of Attack

v
-1, ZHTU
(]

= tan
Ty —

QHTTU = GHTU + iHTU ; GHTU in degrees

C-12 Upper Horizontal Tail Aerodynamic Forces

éjﬂlb Defined in the
D data section of
C‘g——) this paper.

C-13 Upper Horizontal Tail Forces In Body Axes

Dy Lytu

Xty = [G”"') cos Oy €08 Oyp = (F—) sin apgpy ey,
Dyrru
Yy = ~L 65 3 ) °in oy Jaymy
D L
HTU HTU
ZHTU ={¢ 3 ) sin Gy €08 %yp + ( 5 ) cos aHTU]qHTU
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C-14 Vertical Tail Velocitles

Vevr = Vxa¥qur ~ Wvr * EK gy Ping“rRim?

<3
"

wr = Vg = Tlyr * Phyr 7 Yyt (Tp) * EK g OprpiirpRrr)

A =V + ql

ZVT ~ 'ZB vr = Vzmf (0p) - Ky Opppfirior)

where

f(TT) is a pure time delay.

C-15 Vertical Tail Angle Of Attack

A
Vyvr ,

-1
Oypp = Oyp = Sin ( 2 vl 4y )1/2J

 Ogyr * Vywr * Vavr

C-16 Vertical Tail Aerodynamic Forces

J%%E) Defined in the
data section of

DVT

(_El_-) this paper.

C-17 Vertical Tail Forces In Body Axes

D
Xyr ~ '[G%?h cos Gyp 08 Oyy ~ 8%?5 sin oy cos Oypldyy
D L
VI, . VT
Yyr = —[(T) s.m ayp + (T) cos ayrlag,

D
Zyp = —[(—%35 cos Gy, sin oyn - (5%25 sin ayy sin oyplagy

where Cyr = 0° for the helicopter configuration.
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C-18 Drag Brake Velocities

Vo = Vxs¥eos = Mpp * By CoppfirRg)
Vypg = Vyg = Tlpg * Phpy — Vyquf (Tp)

v =V + ql

zDB - VzB pB = Vopuf (Tp) = EKp, (Dol Ryp)

where f(TT) is a pure time delay.

2 .2 2 2
Vo = Vxop * Vyos * Yz
-1 2
9p = 2 Vpp

C-19 Drag Brake Angle Of Attack

oy sin~t [ VypB )
B [y 2 2 (1/2
L(VXDB * Vypg * Vzpp) J

C-20 Drag Brake Aerodynamic Forces

L

G%?b Defined in the
data section of

DDB

G?fﬂ this paper.

C-21 Drag Brake Forces In Body Axes

D
Xp = -[(—%E) cos 0. cos Q. = (E%E) sin ap . cos onlgp,
; L
DB B
Ypp = ~LEF) sin oy + (F9) cos opplan,

D
DB . Lpy
ZDB [ ¢ 3 ) cos opp Sin oy - ( 5 )} sin o sin aHT]qDB
where e 0° for the helicopter configuration.
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C-22 Empennage Total Forces And Moments

where

Xy + Yy * Xr + %o

Y Y. + X

=Y utu T Yyt DB

HT +

Z + Z

=Zyr ¥ Zyry t Yy DB

= =[Xyphyr + XprPury + Xyrhyr + %pphps!

+ Zpolyr + Zyrulyry T Zvrlve t Zoslos

vy

= (T) Ay

= -yrlyr + Yymulury * Yorlve + Yoplos!

is defined in the data section of this paper.
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TAIL ROTOR MODEL

A Bailey type tail rotor model is assumed. This model can be replaced by

the main rotor model if necessary at high forward velocities.

D-1 Tail Rotor Geometry

1 = (FS

TR

hrg

(WLpp = Wheg)/12

bTR = BLTR/lZ

D-2 Tail Rotor Velocities

Verre = VxgKqur T g * Torp + EKpy PpppfRyg)
Vyrre = Vyg = Tlpg * Phrg — Ve f (Tp)
Vorrg = Vzp ¥ Ulqp T Porp T Vo (Tp) - EKG, (D apfpRyp)

where f(TT) is a pure time delay.

Verr = VxTRB

= ™ i
v1r =~ Vyrre €8 Tpp * Vzrrp Sin Tpg

Vzrr = Vyrrp S1® g * Vzrpe 08 I'p

D-3 VNondimensional Velocities

b - VXTR
TR QR
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VYTR

Hrre T DR

VZTR

u =
ZTR QTRRTR

2 2 2
Hrp = Werr ¥ Myrr

D-4 Tail Rotor Blade Pitch

da

0
CTR ~ TTRi_l( 37 tan S351/57.3

eTR = [6

D-5 Balley Coefficients

2
O S
31772 T4

B
- _IR _ TRy 2
tyy = + (57 Mg
22

TR . IRy 2
+ ( 3 ) U

tyy = TR

33

D-6 Tail Rotor Downwash

aTR][bNTRcTR]

27T Ryp 9

1TR
_ Spglizretar * Oppfyp * ¢ 57.3 533

WIR , 2 2
Z{ﬁTR * Arg -] * Crrtan
[ 1_14

Gop = [

[ Y

D-7 Tail Rotor Inflow

Arr. = Yzr ~ Durr
i - i
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D-8 Tail Rotor Thrust

1/2
2 4,2
i

Crutr ™ ZDWTRi[%TR TR
T =c [-Q—-]z'n"ﬂz'
TR, ~ CTHTR O PTR R RN TRBLK

D-9 Tail Rotor Forces And Moments In Body Axes

Koy = —(%)TR 2 ()

YTR = TTR sin PTR

ZTR = -TTR cos PTR

Lrr = YrePrr = Z7RPTR

Mpr = Zrrltr T XrRPiw

Ner = “Yrrlrr * ¥rrPrr

where @2) is an input parameter used to approximately account for the tail
TR

rotor H force. It is an attempt to account for the blow back of the rotor

resultant thrust vector with forward speed.
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AUXILIARY ENGINE MODEL

E-1 Engine Geometry

1 = (FsCG - FSE)/lZ
hy = (WLg, - WLp)/12
by = BLp/12
1., = (S, - FS,)/12
E-2 Engine Response
Spp — e g i = [ %

where
K=1
T = .05 seconds

T = 2 seconds

E-3 Engine Thrust And Mass Flow - Normal Operation

$pEDP 2 VxwF Vywr . SpEDP

T, = 8200 [—55-1 - 4000(—=—1] - 2400[——]{—755"]
2

S ' ' 8

PEDS XUF XWF PEDS
Tg = 8200 [—55-1 - 4000(~2—] - 2400[—=—}[~55"]
13 = [—l—-][3zoéﬁggg5 + 100(2555)]
bep = 132.2 100 a

s '
ol PEDS XWF

Mops = (357310320055 + 10065
Datp = Pums = ©
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APPENDIX E

E-4 Engine Forces And Moments In Body Axes

Do)

X, = (T, + Ts)cos iE - (DWMS + WMP

P
Vg = =~ Mppp + Mppg) Vyyp
ZE = —(TP + Ts)sin 1E - (MPEP + MPES)VZWF
Lg = (Tp = Tgdbp sin ip + My = M dbpVou

+ (Mpyp + MppdhpVyyp
Mp = Xghp + (Tp + Tg)1p sin dp + (Mppp + Mpp ) leVoup
Ng = (Tp = Tgdby cos ip = (Mppp + MppdlpVyyp

-

we ~ Dyms)PE
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APPENDIX F

CONTROL SYSTEM MODEL

F-1 Longitudinal Control System

Longitudinal cyclic

B ic

)+ B + B + B

(Xg + B p1s ¥ Bis1 * Bis3

15 = Kerp 182 1SL

where
- [BlsU _

P15y
100

KCTB

Bisi, " Pasi_ ¥ Kpup1shts + 20% authority

3 = Xgstuo Bcurr ~ Thov!

Flying tail with geared elevator

8
_El
urs [KCTT(X + 8py) + ihTLL] DELE KEG * g
where

K = [iHTUL - iHTLL]
CTT 100
6E1 = 6El + KTMELVAt’ +20% authority

i i-1

. (Bpy -~ Sp1)
K 1)

Ayror ™ twrio

lyrw = Cmw T ¥l
Tyr = ¥rooviturs
6g = Kgelyr
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APPENDIX F

F-2 Lateral Control System

Lateral cyclic

A= |

18 + A

Kopa@p * Apgp) + 8111005+ Ajgy *+ Ay
where

¢ = (oasu fast
cTA 100

A1Sli - Alsli_l + KTMAlSAt’ +20% authority

A (8 T . ]

153 = Kastun!%curr T Thow

Alleron

= (K 8

A craL®a ¥ 6pp) + 8,10, + 640

where

GAli = dAli-l + KTMAILAt’ +20% authority

Increments in forces and moments due to aileron deflection are obtained from
starboard-side-only wind tunnel data. The following equations define the

ajleron gearing.

If §, > 0.

Spp = “SaKpe

Sps = SaKacKasaIL
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APPENDIX F

If GA < 0.

S,p = ~SaRacKasATL

O
L

as = %akac
where 8 denotes port aileron deflection

éAS denotes starboard aileron deflection.

F-3 Directional Control System

Tail rotor

]jc T

Ocrr = [Kermr &p * Trro? + Tiry * Trr3/Crr * Trr1

where

T =T + KTMTTRAt’ +20% authority

T ]

Trr3 = KerrinOcurr ~ ThoL

Note: TTRl set to 0 for Langley simulation.

Rudder

8p = KGR{[KCTRUD(XP + 8pp) + Sy * Spallppp * 61}

where

Kd = 1,11111
R

§ .. =9

RU RL
[ 100 ]

Kot =
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APPENDIX F

§_, =26 + KTMRUDAt’ +207% authority

RL,™ “RL,

S T e )

r3 = Xromuot®curr ~ ThoL

Note: GRl set to 0 for Langley simulation.

F-4 Collective Control System

Ocurr = Kerc

- [THOU - THOL]

100

XC + THOL

where

Kere

F-5 CPU Control Levers

CPU on = Kepune¥erure t CPYrom
where
CPUion1, = CPUioni. . % Bepurcht
i i-1
CPUL o1 = Kepurt¥cpuLt ¥ CPULaT1
where
CPU a1, = CPUppry -+ Bepyrrht
i i-1
CPUL 1k = Kepupr®crupr + “FUpiri
where
“Upmr1, = “Yorma, * BepuprAt

CPULON’CP CPUD

Upar CFVp1r

88
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APPENDIX F

F-6 Control Phasing Units

Longitudinal Cyclic

i < =
(a) if CPULON DHCPU , CBls

i < ; <
(b) if DHCPU < CPU o < MHCPU ,

0.

o -D
. o U on HCPU]
B1S MHCPU -~ DHCPU
. < _
(c) if MICPU < CPU s Cpio 1.0
Lateral Cyclic
, < , -
(a) if CPU ¢ DHCPU, C,;¢ 0.
1 U < M <
(b) if DHCPU < CPU . < MHCPU,
. i [CPULAT - DHCPU]
AlS 1ZICPU - DHCPU
. < =
(c) if MHCPU < CPU ., Cpis 1.0
Elevator
<
(a) if CPU DFCPU ,
_ . 1.0 — HSCPU .
Cpgrp = HSCPU + [Fgpepy— 10U oy
i < < =
(b) if DFCPU < CPU < MFCPU, Cppr o 1.0
(c) if MFCPU < CPUL s
CPU - MFCPU
c = 1.0 - [—XN ]
DELE 100. - MFCPU
Aileron
<
(a) if CPU ¢ DFCPU,
i . 1.0 - HUSCPU
CorLa ~ HSCPU + [ DFCPU ]CPULAT
(b) if DFCPU < CPU . < MFCPU, Cppr\ = 1.0

(c) if MFCPU < CPULAT’
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APPENDIX F

[CPULAT ~ MFCPU

160. - MFCPU ]

CDELA = 1.0 -

Tail rotor

1f 0. < CPUp . < 100.,

I

_ CPUp g

Crrr = TT00.

Rudder

if 0. < CPU, . < 100.,

IR

CPLDIR]

(1 - 100.

CpELR =

F-7 Wing Tilt System

1y = Kemdwe + o
Ay - iWL]

Kerw = 100

where

Wing tilt rate limit

by
At

— < WRL

F-8 Drag Brake System

$p = Xerpe¥prac * SpaL

where
8rni— O
[ DBU DBH

K 100

CTDB

F-9 Flap System

g = Kerp¥prar * SpL
where 6. - &
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APPENDIX F

F-10 Auxiliary Engine Control System

where

Spp = XerpeXxmpmar * Sppr + Spp1

K - [6PEU _ GPEL]
CTPE 100

S

PE1, éPEl + KTMJETAt
i i-1

The above equations hold for both port and starboard engines.

F-11 Rotor Speed Control System

where

6 8 + 6

R = XcrreXpre T °rEL T °REL

- [6REU ~_REL
CTRE 100

$ = § + At
rer, T Orel, ) T CmMRE

Rotor Governor And Speed Schedule

o

6RE

= T LT e ]
KRPM 1+ TRGS

governor setting

i = KRPM unless rotor degree of freedom is released

T

(a) 1f (1.69 Vopaoam + SrRg) < 0.9a

KRPM = 1.0

(b) if (1.69 V + QTRMR) > 0.9a

COMMAND
0.9a - 1.69 V

Kepm = | QR e

COMMAND]
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APPENDIX F
Note: Normal governed operation inhibits the rotor degree of freedom, Q = QE

F-12 Stability Augmentation System

Pitch

BlSZ(S);= GEZ(S)
3
¢ 3
éEz(s) = 57.3 qs{[(RKQ) (TKQ) Js + (RKQ + LRKQ)

[(TKQ)s + 1][s + W ] ]

Roll

A1gp(8) = 8,,(s)

§,,(8) = 57.3 p {FlRKP)(TKP)]s + (RKP_+ LRKP)

[(TKP)s + 1] B
Yaw
Trpa (8) = &gy (8)
RKR
8, .(s) = -57.3rs {_}
R2 s + wOR ’
where

RKQ = 1.25 RKP = 0.50 (helicopter), 1.00 (fixed wing)
TKQ = 1.00 TKP = 6.50

LRKQ = 2.50 LRKP = 2,60 (helicopter), 2.00 (fixed wing)
wOE = 0,25
RKR = 1,00
WOR = 0.50
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G-1 Total Forces

APPENDIX G

GENERAL EQUATIONS

And Moments In Body Axes

Xgopy = g * Xy T X1t Xpp * Ky
Yooy = Yp * g * Y0 * Yop T Y
Zeooy = % ¢ Gr T it fm t G
Lyopy ~ e "L Yl T i Y hwr
Mpopy = Mg ¥ Mg T Mt M Y Mr
Neopy = Mg * Mo * Np * Npg * g
G-2 Body Axes Accelerations
‘.’XB = XBODY(E;) + TVyp = Vg ~ 8 sin Bggny
‘}YB = YBODY(ﬁE? = TV + PVyp + 8 cos By Sin dpany
‘}ZB = zBonY(ﬁig) + qVyp = PVyp + B cOS Byppy €OS Opopy
; = [LBODY + (IY - Iz)qr + IXZ(; + pq)]/IX
. 2 2
q = My, + (I - Iper + I, 7 - D) 1/Ly
r = [NBODY + (Iy - Ipa + Ixz(‘; - rq)]/IZ
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APPENDIX G

G-3 Euler Angle Rates

gopy = [P * Vpopy SIn Opgpyl57.3
] = [q cos ¢BODY - r sin ¢BODY]57.3

BODY
+ q sin ¢ -
BODYJ 573

rr cos ¢BODY

\p =
BODY L cos eBODY
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APPENDIX G

AQ04

xaog

hsoo

huts

ORIGINAL, PAGE I8
OF POOR QUALITY

AQo4 Naommmoo

pso2
waomeaﬂmlwoomszﬁmwaom
woomecﬂm+wnom9mouwaom

dsoo

¢soo

Xaod

xaod

QuTs

guys

(RQ0H gy, £ AAOH KGO8 g

xaod .waomacﬂmwmomomou

(AQ08 0 RAOL g KAOT o, ROy GRAOT gy

Noomomou

«Ra0d

%ﬂﬂmwnomemOUIwaom%wouwnomGSﬂmwaomocaw .woomamou

= ')

XT13B[ UOTJePWIOJSUBIL SOXY [B13I3ul O] SIXV Lpog ®-—9
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APPENDIX G

G-5 Pilot Station Geometry

Written for pilot's head at starboard station.
g = (FSpp - FSpq) /12

hpg = (WLgg = Wlpg)/12

bPS = BLPS/12

G-6 Pilot Station Accelerations

- By - 2 2 : .
ayp XBODY(wbd) lPS(q +re) + hPS(pr + q) + bPS(pq r)

= & . _N 2, .2
ayp YBODY(wbd) + 1pg(pg + ) + hpar - p) - by (p™ + 1%)

= 8 -y - 2 2 .
zp ZBODY(wbd) + 1po(pr - @) - hy (p” + %) + by (ar + p)

G-7 Pilot Station Velocities
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a0

TR
TR
BLTR

NTR

FSTR

KTRBLK

TABLE 1.~ RSRA Simulation Input Parameters.

5.73
' 0.92
24.

0.612
743.
1 0.88
5.32

(a) Main Rotor

(b) Tail Rotor

~ R R RN
e R R
N

of Lo

=]
w

S8

Oy 3

3TR

1TR

TR
Oy
(dao/dT)

02 @

-0.146
-0.005733
0.
0.
6.

0.002
-0.34904
0.05236
0.
-8.
22.1416

276.5
90.
45.
0.
130.4
2.
0.00129



TABLE 1.- Continued.

(c) Tail
EKpp 0. iy 2.5(HELICOPTER)
FSDb 728. 0. (FIXED WING)
FSUT 660. WLDB 184.
FSHTU 847. WLHT 184.
FSVT 812.2 (BASIC) WLHTU 363.
2
WLVT 293.
(d) Lngine
BLE 82. FSEI 221,
DWMP 0 i, -3.5
DWMS a. WLE 229.
FSE 275.
(e) Body
Configuration lelicopter Compound Fixed Wing
Center of Gravity FWh AFT FWD AFT FWD AFT
W 19600. 26200. 25165.
Sy - 370. 370.
FSCG 296.0 313.5 296.1 308. 296.1 309.1
WLCG 230.4 230.8 224.5 225, 221.4 222.1
Iy 8691. 8564. 25596. 25367. 24280. 24105.
IY 95886. 96918. 106529, (107822. 105225. 106520,
I 89492. 90698. 114536. |116093. 114519, 116034.
I 7 6849. 3377. 4845, 1714, 4785. 1848.
£
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100

1SL
1sU
5cPUDR
CPULG
CPULT
1SL
15y

W
DFCPU

DLCPU
HSCPU

iHTLI..

THTUL

iWL

x<AG
KASAI L

KASTHO

XpsTHO
Kepuor
Xcpune
KepuLr
%RpTHO
Kremn
KmviatL
Nimats
Kpmi1s
R

A
A

[« e S e

(@

TABLE 1.- Continued.

(f) Controls

Rrurer
KnvRre

Knirop
EperTr

KrrTHO

™MWl
MFCPU

MHCPU

HRL
r HEU
HOL
HOU

RG
WRL

o I e T

r

]

?Os

&

DBL
DBU

t
te

1=y

)
-

FU
PEL
PLEU
REL
REU
¢

RL
RU

G Oy T O O D (O O O On

il10.
70.
11o0.
-25.
25.



TABLY 1.~ Concluded.

(g) Uiscellaneous Parameters

Q Q
20, FQWT 309.
)
133. WLWT 223,
233.

 ORIGINAD PAGE I8
- oF pook QU :
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TABLE 2.- Wing-Fuselage Induced Velocities at the Rotor.

(@) Vyow (F/Ryps Vypp) =
Yaap
0 30 60 90 120 150 180
t/Rp
.1 .560 .390 | -.053 | -.117 | -.495 |-1.150 | -1.180
.2 1.350 .650 330 | -.042 | -.360 | -.750 | -2.370
.3 .060 740 .300 | -.059 | -.330 | -.870 | -2.120
A .690 .540 .300 | -.067 | -.280 | -.670 | -1.550
.5 .540 410 .240 | -.076 | -.220 | -.560 | -1.570
.6 .420 .360 .180 | -.065 | -.160 | -.436 | -1.310
i .360 .280 .130 | -.040 | -.112 | -.310 | -.g80
.8 .280 .210 .110 | -.015 | -.074 | -.207 | ~-.530
.9 .200 .160 074 | —.003 | -.050 | -.140 | -.310
1.0 .140 .120 .055 005 | -.034 | -.094 | -.186
®) Vogu (F/Ryps Vypp) =
Yiap
0 30 60 90 120 150 180
t/Rp
.1 0 |-1.100 |-1.510 |-1.530 |-1.486 | -1.141 0
.2 0 l-1.180 |-1.040 | -.947 |-1.000 |-1.160 0
.3 0o | -.684 | -.730 | -.732 | -.716 |-1.020 0
4 0 | -.386 | -.510 | -.548 | -.502 | -.753 0
.5 o | -.250 | ~.364 | -.414 | -.360 | -.608 0
.6 0o | -.165 | -.266 | -.315 | -.265 | -.475 0
.7 o | -.114 | -.205 | -.240 | -.200 | -.341 0
.8 o | -.082 | -.154 | -.178 | -.153 | -.236 0
.9 o | -.077 ] -.120 | -.133 | -.120 | -.163 0
1.0 0o | -.059 | -.093 | -.103 | -.094 | -.114 0
-
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TABLE 3.- Rotor Segment Aerodyrnamic Coefficients.

Lift Coefficient

ORIGINAL PAGE IS

OF POO

R QUALITY.

Cry (qpans: ¥ =
.
\\\\\\‘ ol .1 .2 bs e | s e | .7 R I
SrpaNSN\
0 0 0 0 0 0 0 0 0 0 0 0
2 1660 .188| .202] .214| .210| .234] .242] .306] .175| .158| .200
4 03321 .3761 .404] .430] .442| .467| .4c4} .545] .350) .317} .400
6 498] .565| .606]| .645| .664| .700| .725| .690| .500| .475| .600
8 665 .753] .808| .860| .885| .9101 .900] .750{ .630]| .635} .800
10 .830| .94011.010|1.075{1.070| .980| .870| .770| .730| .800| .820
12 .880|1.035|1.140{1.240}1.080] .915] .850{ .760[ .760| .775} .770
14 679 .865(1.070|1.260| .970] .850§ .830| .760| .760| .760} .760
16 640l .735! .840| .980| .825| .830| .s00| .800} .800| .800| .800
18 .640| .710] .770| .855] .750| .770| .780] .850{ .850| .850| .850
26 670! .715] .760| .804| .720] .730| .790| .900f .900| .900; .9CO
22 710! .740{ .770| .814| .750| .775| .840| .950| .950] .950} .950
24 765! .790] .820! .860| .805| .870| .920{1.000|1.000(1.000|1.00C
26 .835| .860] .890] .910] .855| .950] .990{1.040}1.0401.040|1.040
28 925! .940! .970| .980| .960{1.020}1.630}1.05C|1.050|1.050{1.050
30 1.060l1.06011.06011.0601.060{1.060]1.060|1.060{1.060[1.060}1.060
For 30° < a, < 182°, c., (o, ..) =
— TTRANS — > LY TRANS
CrpANS 30| 38] 46 | s4 |62 | 70 | 78 | 8 | 94 E 1ozi 110
Cy | 1.060]1.120[1.160 [L.090 ,920 | .700 | .450 | .160 F.l60l—.380‘—.600
CrpANS 116 | 126 | 134 142 150 |158 | 166 |174 | 182
C,y | --760|--930|-1.060-1.170|-.950|-.790|-.720 ~.650] .220
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TABLE 3.~ Concluded.

Drag Coefficient

C..v (O NS? M) =

pY ‘%TRAN
M
o .t .2 .3 [.a |.5s |.6 .7 (.8 .9 |1.0
“IRANS
0 .0085].0074 |.0070|.0070|.0u70{.0072{.0074|.0078].0190 |.0650 |.1500
2 .0088].0076 |.0072].0072 {.u072{.0075].0082|.0100].0380|.0900.1750
4 .0099|.0083|.0078].0078 |.0080 |.0087 |.0101|.0300}.0740|.1260.2100
6 .0129!.0100.0093|.0093|.0100|.0114 |.0220|.0630|.1260|.1740{.2500
8 .0168|.0129|.0124|.0116|.0134 |.0250.0600|.1120].1750 |.2200 |. 2800
10 .0220|.01681.0160].0150].0200.0600|.1140.1560].2180|.2580 |.3050
12 .0350|.0300|.0250].0250].0600}.1250|.1640|.1940].2490 |.2850.3250
14 .0600|.0550].0500].0500].1050|.1800}.213¢|.2320].2800|.3110{.3480
16 .1050|.1050].1050].1050].1650].2300].2580.2720|.3120 {.3400].3700
18 .1900!.1900/.1900|.1900}.2250.2700{.2950{.3110{.3460 |.3680|.3920
20 .29201.2920(.2920}.2920}.2920|.3150|.3320}.3540(.3820/.4000|.4240
22 .3550].3550.3550].3550].3550|.3550|.3720|.3970.4220|.4350(.4520
24 .4000/ .4000|.4000|.4000 |.4000|.4000|.4180|.4440].4630].4720.4900
26 .4600].4600.4600].4600|.4600|.4600|.4700].4920].5100.5150.5300
28 .5400/ . 5400 |.5400].5400 |.5400.5400].5400|.5500|.5600 |.5620 |.5700
30 .6250|.6250].6250].6250|.6250}.6250].6250|.6250|.6250|.6250|.6250
For 30° < o <182°, C o @ o,ye) =
= %“TRANS = bY ‘“TRANS
. 30| 38 l 46 I 54 l 62 ‘ 70 l 78 I 86 I 94 | 102 ‘ 110

Cyy | -6250 .9zoo|1.2400|1.501o|1.7600|1.9200]2.01oo|2.0600|2.0800|z.oaool1.9100

118 | 126 | 134 | 142 I 150 l 158 | 166 | 174 I 182
1.3ooo|1.oooo|.7ooo|.43oo|.2800l.oeso|.0250

“TRANS

CDY 1.7400]1.5300
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TABLE 4.- Rotor Lag Damper Data.

(a) Fd = 0 for RSRA

6] i 51 5!
$ 6

0 0 42 2307
.02 175 b 2314
.04 460 .46 2322
.06 760 .48 2329
.08 1240 .50 2337
.10 1780 .52 2344
.12 2100 .54 2350
.14 2160 .56 2359
.16 2170 .58 2366
.18 2185 60 2374
.20 2200 .62 2381
.22 2215 .64 2388
.24 2225 .66 2396
.26 2235 .68 2403
.28 2242 .70 2418
.30 2255 .72 2433
.32 2265 .74 2448
.34 2275 .76 2462
.36 2280 .78 2477
.38 2290 .80 2492
.40 2300 .82 2507
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TABLE 5.- Rotor Induced Velocities on the Wing-Fuselage.

X EK oy (X0 EK s (X)
-20 0 47
-10 0 .70

0 0 .89

10 .21 1.06
20 .45 1.17
30 .73 1.22
40 1.02 1.21
50 1.32 1.15
60 1.52 1.03
70 .70 .76
80 .19 .30
90 0
100
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TABLE 6.- Helicopter Tail-Off Lift Data.

(a) F (o) =
L
*F 5 Our
36 ~13.75 ORIGINAD PAGE IS
-32 -14.75 OF mB QUALHY
-28 -15.00 ‘
=24 -14.75
=20 -13.50
-16 -10.20
=12 -7.00
-8 -4.25
-4 -1.25
1.70
4.50
7.00
12 10.00
16 12.80
20 15.60
24 18.00
28 18.75
32 19.00
36 18.50

For -90° < oy < -36°

Faliimd

(o) = -13.75 = .2546 (opp + 36)
For 36° < o, < 90°

(awF) = 18.50 - .3426 (GWF - 36)

atfe

(b)

e

(w“m) = 0 °
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TABLE 7.- Helicopter Tail-0ff brag Data.

(a) (o) =

O 7 )
=30 24.0
=25 20.5
~20 17.8
-15 15.4
=10 ‘ 13.8
- 13.7
0 14.2
5 15.5
10 16.5
15 18.5
20 21.2
25 25.0
30 29.0

D . 2
T (o) = 914 sin® (L5 (yy + 30)) + 24.0
For 30° < o . < 90°
D (w.) = 86.4 sin® (1.5 (a.. - 30)) + 29.0
3 OwF . =2 O .
D . _
(b) H (I"WF) =

For -20° <y < 20°

) = 768 sin2 (W p/2) - 2.2178 sin (§,/2)
o

an® < _0n© pRe) .
For -90 SWWF < -20 and 20 < Vi < 90

2 C L
(W) = 235 sin® (1.29(|y, | - 20)) + 22.77

Qalle
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TABLE 8.~ Helicopter Tail-Off Pitching lloment Data.

}
(a) é! (o) =
My

%F I
-40 -310
-32 -360
-24 -400
-16 -370
-8 -235
- 73
100
16 300
24 430
32 535
40 480

For -90° < o < - 40°

B

3 (GWF) = -310. - 6.2 (GWF + 40)

For 40° < o < 90°

.QIIK;Z

(GWF) = 480. - 9.6 (GWF - 40)
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TABLE 8.- Concluded.

(b) gﬁ W) =
¥ £
- 2 )

-30 100
-25 104
-20 98
-15 74
-10 49
-5 : 25
0 0
5 25
10 49
15 74
20 93
25 104
30 100

For -90° < ¢ . < -30° and 30° < ¢ _ < 90

— "WF
il

T (yp) = 1.67 (90 - [ )

ORIGINAL PAGE I8
OF POOR QUALITY
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TABLL 9.- Helicopter Tail-Off Side Force Data.

WE

¢ bgp) =
7 ‘wre Ywr

-10 0 10
YoE
=35 -80.0 -80.0 -30.0
-30 ~88.0 -84.0 -§8.0
=25 -92.0 -85.0 -94.0
-20 -84.4 -51.5 -96.2
=15 -62.5 -57.9 -74.3
-10 -40.5 -37.9 -51.7
-3 -21.5 -17.2 -26.8
0 0.0 0.0 0.0
5 26.1 22.7 27.5
10 45.5 41.2 53.5
15 69.6 61.0 74.0
20 94,3 84.2 96.1
25 93.5 86.0 94.0
30 86.0 85.0 87.0
35 80.0 80.0 80.0
For -390 < U)WF < -35°
%'(“wf ) = -80.025 - 1.455 (¢, + 35)
For 35 < 90°
% (o> ¥yp) = 80.025 - 1.455 (W p = 35)
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TABLE 10.- Helicopter Tail-Off Rolling Moment Data.

by

T g V) =

. 3 90 to -10 0 10 to 90
Yur

-50 0 0 0
-40 29 57 65
-30 22 65 102
~20 12 50 83
~10 25 44
0 0 0
10 -6 -25 _44
20 -12 -50 -88
30 22 -65 102
40 -29 -57 -65
50 0 0 0

For -90° <y, < -50°

WF
Ly
il (0 WWF) =5 (Yp +50)
For 50° <y, < 90°
L

= g Yy = 5 Gyg = 50)
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TABLE 11.- Helicopter Tail-Off Yawing Moment Jata.

Nli :
7 (O W) =
-90 to -10 0 10 to 90
VYuF
-40 -400.0 -400.0 -400.0
-36 -500.0 -500.0 -470.0
-32 -600.0 -600.0 -515.0
-28 ~700.0 ~700.0 -520.0
-24 -710.0 -710.0 -500.0
-20 -676.0 -676.0 -447.0
-16 -560.0 -560.0 -310.0
-12 -440.0 -440.0 -190.0
-8 -290.0 -300.0 -70.0
-4 -140.0 -140.0 -2.6
-25.0 44.0 42.0
155.0 190.0 70.0
280.0 330.0 150.0
12 430.0 480.0 265.0
16 560.0 620.0 400.0
20 694.0 726.0 517.0
24 725.0 755.0 545.0
28 720.0 735.0 555.0
32 635.0 640.0 535.0
36 520.0 © 520.0 490.0
40 400.0 400.0 400.0

For -90° < Y. < -40°
NM
T (g Yyp) = -20 (g + 40) - 400

For 40° < y, . < 90°

=

Eﬂ (s ) = =20 (Y = 40) + 400
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TABLE 12.- Fixed Wing Tail-0ff Lift Data.

114

(@) & (g 1) =
-9 -1 7 15
!

-40 ~199.0 ~194.0 ~188.0 -183.0
-38 -213.0 ~201.0 -197.0 ~191.0
-36 ~234.0 -216.0 ~205.0 -199.0
-34 -249.0 -223.0 ~213.0 ~207.0
-32 -265.0 -233.0 221.0 ~215.0
-30 -282.0 -244.0 -228.0 -223.0
-28 -300.0 -270.0 -245.0 ~231.0
-26 -320.0 -309.0 ~303.0 ~246.0
-24 ~338.0 -338.0 -338.0 -303.0
-22 -348.0 -348.0 -348.0 -340.0
-20 -342.0 -342.0 -342.0 ~347.0
-18 -330.0 -330.0 -330.0 ~340.0
-16 -306.0 -306.0 -314.0 -326.0
-14 -268.0 -274.0 -287.0 -308.0
-12 -212.0 ~226.0 -241.0 -282.0
-10 ~156.0 ~176.0 ~204.0 -240.0
-8 ~102.0 ~127.0 -157.0 -201.0
-6 -42.0 -75.8 -115.0 -162.0
-4 14.0 ~22.4 -75.5 -119.0
-2 71.0 30.9 -29.0 ~64.0
0 125.0 83.2 25.8 -10.0



TABLE 12.- Continued.

% (cy, 1) =
-9 -1 7 15
2 185.0 142.0 31.0 46.0
4 242.0 203.0 136.0 100.0
6 298.0 257.0 194.0 153.0
8 348.0 307.0 250.0 207.0
402.0 360.0 304.0 264.0
453.0 404.0 349.0 316.0
503.0 453.0 414.0 357.0
553.0 500.0 464.0 400.0
538.0 520.0 492.0 431.0
518.0 521.0 500.0 425.0
499.0 502.0 508.0 438.0
478.0 483.0 518.0 450.0
460.0 465.0 529.0 454.0
440.0 446.0 535.0 449.0
421.0 426.0 543.0 445.0
401.0 408.0 548.0 465.0
382.0 389.0 506.0 485.0
362.0 371.0 452.0 476.0
342.0 352.0 397.0 414.0
323.0 332.0 341.0 350.0

L . .
E (aw, 1w) -347.4 - 3.86((1w - 174 1w)

For 40° < oy < 90°
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TABLE 12.~ Continued.

-9 -1 7 15
lij‘«‘F

-gC 61.0 22.1 7.2 -34.0
-20 61.0 22.1 7.2 -34.0
-18 54,0 19.8 6.6 ~-22.0
-16 47.0 17.7 0.3 -11.5
~14 39.5 15.1 5.0 -4.9
-12 32.0 12.4 3.5 -3.2
-10 24.0 9.8 1.7 -1.5
-8 16.0 7.8 3.1 2.0
-6 7.0 5.7 6.0 5.8
-4 1.9 3.3 5.4 5.8
-2 0.8 0.8 2.4 2.8
0 0 0 0 0
2 1.0 -0.8 -1.2 -1.0
4 4.5 -1.7 -3.0 -5.0
6 8.7 -1.3 -6.2 -11.0
8 13.5 0.8 ~10.8 -18.5
10 18.5 2.9 -15.8 -27.0
12 26.0 5.0 -17.1 -29.0
14 33.5 7.2 ~-18.4 -31.0
16 40.0 8.9 ~18.5 ~37.5
18 46.0 10.6 -17.3 -47.5
20 52.0 12.2 -15.8 -58.0
90 52.0 12.2 -15.8 -58.0

ORIGINAL PAGE I8
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TABLE 12.- Continued,

L
(c) E'(IJ) =

g
it
5
+
o

N

For -90° < a < -20°

L) =-.006122 1

q J
For -20° < o < -10°

% (T;) = (.0005153 a  + .006183) T; - S,(.1 oy + 2.0)
For -10° < & < 20°

(a) & = 0°, (AL/qQ) 0

flap

(8) 85 > 0°
(B1) o < 2°

(4L/q) = (.375 o ¥ 3.0833) 6F - 1.8667 Oy 28.6667

flap

(12) «, > 2°

(AL/E)flap = (4.0133 - .09067 o) & - 1.8667 oo, - 28.6667

2,
(TJ) = (—.0003435 - .0001374 Oy + (.04926 + .004926 au) sin® i,

Lot

+ .0001031 (AL/q) )T,

flap
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TABLE 12.- Concluded.
(c).- Concluded.

For 20° < o < 90°

ot

= (- 2 oy
(TJ) (-.003092 + .1478 sim 1w)1J

(d)

Nl

(6ps ) =

1 [o] o

For (-90" + 1 ) La,<-10

L o,a) = cos® u (22— .001562 (o + 10))(-.0434 62 + 7.48 6.) + 1.338
T (CFYy Wr o, Oy : Ft 748 O +33%
For -10° < “w-i 15°

(8gr0) = cos® UL+ 01087 (o, + 10))(-.0434 82 + 7.48 8) + 1.335,

Ll

For 15° < o < (90° + 1)

(8pst) = cos ww(% - .00222(a, - 15) + .271(L. - .0125(c - 15)))(-.04345§

F-lllg

+ 7.48 GF) + 1.33 GF
L
(e) = (8,) =
q A P or S

For -40° < § <
AP or S

(8,) =-3,59§ - .08 (6
A Por S A Por S Por S

o

For 0° :-6A < 40°
Pors

L 2
3’(6A) = ~3.05 6A + .055 (GA )

Por S P or S P or S

Note: Only one aileron deflected.
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TABLE 13.- Fixed Wing Tail-Off Drag Data.

(@) = (o 1) =
& -9 -1 7 15
(Lw
-20 79.1 94.1 115.8 142.3
-18 62.5 87.4 112.4 142.0
-16 53.5 81.9 103.2 130.0
-14 44.5 71.2 93.2 118.5
~12 37.5 56.6 82.8 106.5
-10 33.0 42.3 70.6 94.5
-8 29.5 35.7 58.4 82.5
-6 27.5 29.7 48.7 70.0
-4 28.5 26.3 39.5 60.0
-2 31.5 25.7 32.0 52.5
0 35.0 27.4 30.7 45.0
2 40.0 30.2 29.5 41.5
4 47.0 35.4 32.1 38.0
6 54.0 42.0 36.8 39.0
8 65.0 50.3 42.4 43.0
10 76.5 58.3 48.1 47.5
12 91.5 70.6 57.3 55.5
14 110.5 83.4 69.3 63.5
16 129.0 97.4 82.8 75.5
18 144.5 112.9 97.0 89.0
20 149.9 126.9 110.1 100.8

For 20° < |o | < 90°

ol

(o 1) = (28.32 + 216 sin’ (a, = i)

+ (8.9714] e | + 300.5714)s1n% (o, + 2.6)
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TABLE 13.- Concluded.

For -20" < WWF < 20

D - .2,

3 (wWF) 376.1 sin®y, .

(o} ) 0

For 20 < IVWF| < 90

2 (V) = 376.1 sinzw + 1.14 |y .| - 22.8

q 'WF ) 1 YWF .
b, _

(c) 3 () = 0.

D _—

For (-90° + 1) < &, < -10°

Na]H o

(cSF, O'w) = 0.

For -10° < a, < 10°

2 ) = cos?y _(-.001565(c, + 10)% + .0813(a,, + 10))(-.0125 862 + 2.00 &)

g ‘°rr % wF' T N y %y y o 49 O
(o] o]

For 10° < a < (90" + 1)

2, 2
(GF, aw) = cos VWF(—.0125 GF + 2,00 6F)

Nal|l =]

(e)

Qo

(6,) =
A P or S
For -40° < &, < 40°
P or S
(8,) = -.1055 &, +.00917(8, y2 + .000075 @, )3
Por S P or S P or S P or S

K]}l )

Note: Only one aileron deflected.
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TABLE 14.- Fixed Wing Tail-Off Pitching Moment Data.

(a) -?—‘ (o0 i) =
& -3 -1 7 15
Oy

~40 -19.0 -19.0 ~19.0 -19.0
-38 -60.0 -46.7 -49.7 -45.0
-36 ~110.0 -83.3 -89.3 ~85.0
~34 -120.0 -120.0 -129.0 ~120.0
-32 -150.0 -152.0 ~168.0 ~160.0
-30 -180.0 -189.0 -203.0 -195.0
-28 -200.0 -222.0 ~243.0 -230.0
-26 -220.0 ~252.0 -283.0 -270.0
-24 -240.0 ~278.0 -322.0 ~305.0
-22 -260.0 -315.0 -362.0 -340.0
-20 -280.0 -348.0 -402.0 -375.0
-18 -300.0 -343.0 -434,0 -415.0
-16 -320.0 -343.0 -475.0 ~450.0
~14 -320.0 ~372.0 -510.0 -490.0
-12 -290.0 -424.0 -542.0 -525.0
-10 ~250.0 -460.0 -551.0 -560.0
-3 -220.0 -492.0 -557.0 -600.0
-6 -150.0 -504.0 -596.0 -635.0
-4 -75.0 ~462.0 -631.0 -680.0
) 45.0 -370.0 -648.0 -740.0
0 155.0 -276.0 -605.0 ~790.0
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TABLE 1l4.- Continued.

M
(a) 2 (o i) =
-9 -1 7 15
W
2 290.0 -180.0 -570.0 -790.0
4 425.0 -90.6 -491.0 -750.0
6 560.0 26.6 -394.0 -700.0
8 725.0 178.0 -291.0 -640.0
10 690.0 321.0 -179.0 -580.0
12 1050.0 454.0 -58.5 -530.0
14 1210.0 583.0 43,2 -455.0
16 1370.0 690.0 134.0 -370.0
18 1530.0 774.0 213.0 -320.0
20 1700.0 855.0 274.0 -255.0
22 1860.0 944.0 331.0 -190.0
24 2020.0 1029.0 410.0 -115.0
26 1970.0 1090.0 495.0 -30.0
28 1730.0 1134.0 579.0 60.0
30 1490.0 1170.0 664.0 150.0
32 1240.0 991.0 731.0 245.0
34 1000.0 804.0 640.0 340.0
36 750.0 625.0 512.0 360.0
38 505.0 443.0 388.0 315.0
40 265.0 265.0 265.0 265.0
For -90° Loy < -40°

122
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T (o L) = -754.2 - 18.38 ay

For 40° < Oy _<__90o

nng

(aw, iw) = 1197, - 23.30 Oy



TABLE 1l4.- Continued.

(b) 'a& W ) =
-9 -1 7 15
wWF

-30 -600 =600 -600 -600
=25 -600 -790 -760 ~540
-20 -534 -804 -765 -404
=15 -327 -526 -450 =202
-10 -132 -125 -184 -108
-5 =70 -78 -58 -89
0 0 0 0
-1 -62 -78 108

10 -105 =345 -187 88
15 =275 -511 -524 -109
20 -554 -770 -689 -298
25 -580 -680 -700 -440
30 -500 -500 -500 -500

For -90° < y . < -30°

2

T

For 30° < ¥ . < 90

Wy

WF
iw) = -600 - 10 (wWF + 30)

o
WF

iw) = =500 + 8.34 (\pWF - 30)
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TABLE 14.- Concluded.

Y

(c) T (T =

For T, < 4000

Kl = 0.

K, = -.0000938 TJ

For TJ > 4000

K, = -3.625 + .00091 T,
K, = -.3295 -.000011388 T,

I-lti(r)-r (. - 20) + K, (. - 20)%
3 M1 Oy 2 ‘O

"y
(@ 3+ B o) =

For -90° < o < (-10° - 1)

-10 +

10 (10 + aw)

;ﬂ (5pacy) = —cosswwrsinz(Z.ZS 85) (21.7 1, + 1060) ¢

%

For (-10° - 1) < o < 38.9°

;ﬁ (8g»0) = cos ¥, s1n’(2.25 8.) (2.7 o - 843)
For 38.9° < o, < 90°
gﬁ (8ps &) = 0.

(e) ;ﬁ (5A) = 0.

Por S

124

(750 + L) (-80 ¥ 1w))



TABLE 15.- Fixed Wing Tail-0ff Side Force Data.

(a) 3 (o 1) =
OF NUPRERE
-9 ~1 7 15
qIJWF

-30 -117.0 -117.0 ~-117.0 -117.0
-28 -120.9 -120.9 -120.9 -109.2
-26 -124.8 -124.8 -124.8 -101.4
=24 -128.7 ~128.7 -116.2 -93.6
-22 ~121.0 -121,0 -106.5 -85.8
-20 -110.0 -110.0 ~-96.8 -78.0
-18 -99.0 -99.0 -87.1 -70.2
-16 -88.0 -88.0 -77.4 -62.4
-14 -77.0 -77.0 -67.8 -54.6
-12 -66.0 -66.0 -58.1 -46.8
=10 -55.0 -55.0 -48.4 -39.0
-8 -44,0 -44,0 -38.7 -31.2
-6 -33.0 -33.0 -29.0 -23.4
-4 -22.0 -22.0 -19.4 -15.6
-2 -11.0 -11.0 -9.7 -7.8

125



TABLE 15.- Continued.

Y .
v -9 -1 7 15
YWF

0 0 0 0 0

2 11.0 11.0 9.7 7.8

4 22.0 22.0 19.7 15.6

6 33.0 33.0 29.0 23.4

8 44.0 44.0 38.7 31.2

10 55.0 55.0 48.4 39.0

12 66.0 66.0 58.1 46.8

14 77.0 77.0 67.8 54.6

16 88.0 88.0 77.4 62.4

18 99.0 99.0 87.1 70.2

20 110.0 110.0 96.8 78.0

22 121.0 121.0 106.5 85.8

24 128.7 128.7 116.2 93.6

26 124.8 124.8 124.8 101.4

28 120.9 120.9 120.9 109.2

30 117.0 117.0 117.0 117.0

For -90° < y . < -30°

Y ] - - -
g-(yWF, iw) 175.5 - 1.95 wWF

For 30° <y, < 90°

Y1

(ww , iw) = 175.5 - 1.95 wWF
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TABLE 15.- Concluded.

Y
(c) 3 (1) =
0o , _n° X -
For =90° < Y < =20 = (Ty)
o _ . 0 Y oy o
For -20° <y, o <0 5 (T;) =
o . o Y -
For 0° < .. < 20 3 (T
o 1 o Y .. =
For 20" < Y. <90 3 (1J) =
Y : -
(d) 3 Bp» bp)
o ) _cO
For -90 S-RWF < =25
Y (80, 4 ) = .832 8 (20— + .00362 (Y + 25))
g FwF T Fllogp+5 WF

For -25° < Y < 25°

u}
Y WF

20

-.832 (5F (W

- .00362 (wWF - 25))

ORIGINAL PAGE IS
OF POOR QUALITY

- .0125 TS
.000625 wWFTS
.000625 VWFTP

.0125 TP
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TABLE 16.- Fixed Wing Tail-Off Rolling Moment Data.

128

LM
(a) 2= (o, wWF>0
e -90 -20 -15 -10 -5 0
Clw
-90 0 0 0 0
-30 0 0 0 0
-28 135 135 99 64 30 0
-26 270 270 197 127 60 0
-24 405 405 296 191 90 0
-22 540 540 394 254 120 0
-20 675 675 493 318 150 0
-18 755 755 535 284 115 0
-16 555 555 378 220 93 0
-14 355 355 253 162 76 0
-12 282 282 205 128 62 0
-10 200 200 150 100 50 0
-8 158 158 115 75 38 0
-6 97 97 75 52 28 0
-4 57 57 45 30 18 0
-2 19 19 16 10 0
0 -43 -43 -25 -10 0
2 -115 -115 -69 -34 -8 0
4 -168 -168 -105 -56 -16 0
6 -238 -238 -150 -80 -25 0
8 -300 -300 -193 -103 -36 0
10 -375 -375 -243 -133 -48 0
12 -468 -468 -302 -163 -62 0
14 -505 -505 -340 -198 -82 0
16 -543 -543 -384 -237 -108 0
18 -632 -632 -457 -292 -136 0
20 -835 -835 -597 -370 -169 0
22 -668 -668 -478 -296 -135 0



TABLE 16.- Continued.

OF SCHE
1'%
WE -90 -20 -15 -10 5 | o
%
24 -501 -501 -358 -222 -101 0
26 -334 -334 -238 -148 -68 0
28 -167 -167 -119 =74 -34 0
30 0 0 0 0 0 0
90 0 0 0 0 0 0
To include wing incidence effects:
? (Ow’ 1PWF) - 'é_ (uW’ lPWF)O - szFiW
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TABLE 16.- Continued.

(a) Continued.

130

;ﬁ (o wWF)O =

) f

Y 0 5 10 15 20 90
O

-90 0 0 0 0 0 0
-30 0 0 0 0 0 0
-28 0 -30 -64 -99 -135 | -135
-26 0 -60 -127 197 -270 | -270
-24 0 -90 -191 296 -405 | -405
-22 0 120 -254 -394 -540 | =540
-20 0 -150 -318 -493 -675 | -675
-18 0 -115 284 -505 -755 | -755
-16 0 -93 220 -378 -555 | =555
-14 0 -76 162 -253 -355 | -355
-12 0 -62 -128 ~205 -282 | -282
-10 0 ~50 -100 -150 ~200 | -200
-8 0 -38 -75 -115 -158 | -158
-6 0 -28 -52 -75 -97 | -97
-4 0 -18 -30 -45 -57 | -57
-2 0 -8 -10 -16 -19 -19
0 0 10 25 43 43
2 0 34 69 115 | 115
4 0 16 56 105 168 | 168
6 0 25 80 150 238 | 238
8 0 36 103 193 300 | 300
10 0 48 133 243 375 | 375
12 0 62 163 302 468 | 468
14 0 82 198 340 505 | 505
16 0 108 237 384 543 | 543
18 0 136 292 457 632 | 632



TABLE 16.- Continued.

(a) Continued.

Ly
3 (& wWF)O =
Yr 0 5 10 15 20 90
Rt
20 0 169 370 597 835 835
22 0 135 296 478 668 | 668
24 0 101 222 358 so1 | s01
26 0 68 148 238 334 334
28 0 34 74 119 167 167
30 0 0 0 0
90 0 0 0 0

To include wing incidence effects:

LM

E- (alql IPWF) =

Ly

i (o wWF)O - 2 ply
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TABLE 16.- Continued.

®) %Tl Wy L) =
& -9 -1 7 15
YuF

-20 306.0 131.0 -46.1 ~220.0
-18 313.0 143.0 -39.5 -236.0
-16 317.0 151.0 -35.3 ~244.0
-14 315.0 152.0 -27.9 ~232.0
-12 280.0 148.0 -24.1 -207.0
-10 238.0 128.0 -19.8 ~182.0
-8 199.0 103.0 -13.2 ~160.0
-6 157.0 71.6 -8.5 ~132.0
-4 112.0 48.0 4.2 ~100.0
-2 39.0 21.2 -1.0 ~44.0
0 0.0 0.0 0.0 0.0

2 -13.0 -27.2 7.8 54.0

4 -73.0 -53.4 16.8 100.0

6 -123.0 -78.6 30.5 140.0

8 ~138.0 ~94.4 46.3 173.0
10 ~153.0 ~106.0 54.9 208.0
12 -165.0 -116.0 46.7 208.0
14 -178.0 -123.0 39.8 203.0
16 -216.0 -125.0 36.7 185.0
18 -279.0 -126.0 30.0 175.0
20 -275.0 -125.0 25.0 175.0
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TABLE 16.- Continued.

For -90° < Y, < -20°

L
= (s 1) = 108.9 - 21.9 iy, + (4.903 - .313 1)) (Y + 20)
For 20° < Y. < 90°
-Il = - 3 - i ! -
= (g ) = 10625 + 16.75 1+ (4.731 - 268 1) (i = 20)
© 2 x,, v -
3 Vo Vr
For -90° <y, < -20°
L T
Y _ bi g
r -20° < Yo < 20°
L, L, T,
2 (T, Up) = Vp(0025 2 (e, 1) + 1.25) (o)
For 20° < y, . < 90°
Ly Ly T

By ,
@) 2 (Sps Yy =

o]
~90% < Y, < =25

T s Uyp) = 723.3 8 (L + .0154(Y, + 25))
For -25° < W, < 25°

(6E., wa) = 23.3 GF (1 - .0154 (UJWF - 25))
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TABLE 16.- Concluded.

LM

134

(e)%— (5AP s’ o) =

~-20 -10 0 10 20
'

-30 0 0 0 0 0
-25 -30 -60 0 40 40
=20 -240 -115 0 190 200
~-15 -220 -125 0 375 610
-10 -370 -210 0 335 530
-5 -390 -250 0 340 505
0 -400 -260 0 345 540
-360 -245 0 325 555
10 -410 -240 0 290 540
15 -560 -280 0 190 410
20 -350 =170 0 65 180
25 -130 =50 0 45 90
30 -40 =25 0 140 180
35 -120 -120 0 920 90
40 =50 -50 0 10 10
45 0 0 0 0 0



TABLE 17.- Fixed Wing Tail-Off Yawing Moment Data.

NM
(a) T (ogs 1) = O.
NM
(b) T g W) =

-9 -1 7 15

wWF
=50 ~120 120 120 120
-48 -178 ~180 -178 ~175
-46 -236 240 236 ~229
44 292 201 296 -283
42 -347 -356 347 -334
-40 ~399 410 -400 -384
-38 449 -462 450 431
-36 -494 -509 495 -474
=34 -537 ~554 538 -515
-32 -576 -593 -577 -552
-30 -610 -628 611 -585
-28 -639 -658 641 -614
-26 -664 682 665 -638
24 -675 -682 -665 -638
-22 -680 675 641 614
-20 -675 660 -611 ~585
-18 -610 645 -575 -545
-16 -542 -590 534 -505
-14 475 -528 ~483 ~460
-12 -408 454 425 -400
-10 ~340 -380 -358 -350
-8 272 -303 ~288 ~285
-6 ~205 -228 -219 219
! -139 ~152 ~149 152

|
5 ~70 -75 -68 -68
0 0 0 0 0




TABLE 17.- Continued.

NM
®) 2 Uygps 1) =

| -9 -1 7 15
YWF

2 70 75 68 68
4 139 152 149 152
6 205 228 219 225
8 272 303 268 305
10 340 380 358 375
12 403 454 425 440
14 475 528 483 500
16 542 590 534 560
18 610 645 575 610
20 675 705 611 645
22 710 738 641 672
24 764 764 660 700
26 764 764 680 700
28 738 738 709 672
30 705 705 677 645
32 666 666 640 609
34 622 622 597 569
36 572 572 549 523
38 517 517 497 474
40 458 458 441 421
42 395 395 381 364
44 329 329 319 306
46 261 261 253 245
48 191 191 187 183
50 120 120 120 120
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N

o ,
< 1y
For 50 YW

G 1)

< Vg

TABLE 17.~ Continued.
< -50°
P - 1)
) 400 28(¢WF + 40)

< 90°

= 400 - 28 (y - 40)
o
Mo
(c) T (lJ) = 0.
Iy

o o
For -90° < Yo < ~-25

—
-y

M _ ,
3 (6F, wWF) = 6.67 GF (1 + .0154 (VWF + 25))
For -25° < ¥, < 25°

Eﬁ 8y V) = —2267 (Y ) &

5 p YuF y Ywr! °F

For 25° < b < 90°

Ny

= Cp V) = 667 &g (1 = L0154 (Y - 25))
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ORIGINAL'
TABLE 17.- Continued. F‘I¥N)R
(e) i}—I (¢ ) =
q A P or S’ W
6A
=20 -10 0 10 20
%
=30 =40 =20 0 20 40
-28 ~40 -35 0 3¢ 55
-26 =40 =40 0 40 70
=24 =40 -50 0 55 85
=22 ~-38 -60 0 62 100
=20 =35 =70 0 80 120
-18 =41 ~100 0 60 120
-16 =77 -130 0 35 95
~14 =790 =120 0 25 80
=12 =20 -65 0 55 120
-10 47 0 0 80 130
-8 60 30 0 80 120
-6 66 38 0 60 95
-4 80 40 0 40 70
-2 85 40 0 0 60
0 105 40 0 0 35
2 113 42 0 =25 10
4 122 62 0 =30 0
6 135 80 0 =30 -20
8 155 32 0 -30 =45
10 170 90 0 -30 -69
12 177 90 0 =45 ~70
14 130 90 0 -60 -80
16 160 85 0 -60 =110
18 130 65 0 -50 ~115
20 130 55 0 -50 -120
22 125 60 0 -68 =130
24 120 80 0 -85 -125
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TABLE 17.- Concluded.

(e) Concluded.

6A
-20 -10 0 10 20

Oy
26 126 99 0 ~-80 -110
28 120 50 0 -50 -90
30 120 30 0 -30 -60
32 120 35 0 -32 -62
34 120 40 0 -40 ~-65
36 120 48 0 ~-45 -80
33 120 52 0 -50 -100
40 120 60 0 -58 -118

For -90° < o < -30°

I\Lvl

= (6 , ) = .03333(6 ) + 3.086

1 A Por S N A P or S W A Por S

For 40° < &, < 90°

NM

=— (o s ) = .12 (8 ) - 10.8 6

q A Por S ~ A PorsS M A P or S

Note: Only one aileron deflected.
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TABLL 18.- Tail-Off Dynamic Derivatives.

(a) Helicopter.

Yp'LM 'NM ‘Yr=LM =NM =I'LM = 0.
P P r T q

(b) Fixed Wing.
= (- L -
Yp = (-1.2 3 (aw, iw) .315)/VXB

L . Ny 2
LMP = (-144232 - .0276 (-a- (a 1,0) )/ Vyp
N = (2.25 1“,, (tan &) - 90 % (s ,))/V.o ; where o limited to +25°

M
P

Yr = (.,
ey 1)
LMr - ((187% (g 1) + 364) /¥y 0)= ((ﬂ—TZE——m.s) + 47,4 6)(22.55/V, )

Ny = (=055 Gy, 1,07 - 949) /vy,
r

MM-O'

q
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TABLE 19.-~ Low Speed Phasing Parameters.

(a) Helicopter.

s

YLS

ZLS

Lis

"Ls

NLS

= 0.

= 261.

= 324.

= 0.

(b) Fixed Wing.

s

YLS

zLS

Lis

= o.

= 261.

1335.
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TABLE 20.- Longitudinal Variable Moment Arm For Vertical Tail.

FSVT

where

$

= K(812.2 + (O.82A)65%))

K= Kl + KZGWF

K - nondimensional

Ky - nondimensional

Ky - 1l/deg

A - in

812.2 - in (FSVT basic)

0.82 - nondimensional

30 - deg
(a) K, =
For -90° < o < =5° and =20° < Yo < 20°
W -9 -1 7 15
[z |
0 1.000 1.000 1.000 1.00¢
2 1.031 1.076 1.134 1.209
4 1.027 1.087 1.163 1.250°
6 1.005 1.067 1.146 1.233
8 0.972 1.034 1.111 1.200
10 0.927 0.989 1.066 1.155
12 0.877 0.940 1.018 1.105
14 .0.824 0.886 0.964 1.051
16 0.769 0.830 0.903 0.995
18 0.738 0.797 0.871 0.950
20 1.000 1.000 1.000 1.000
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TABLE 20.- Continued.

(o}

For -5° < o < 15° and -20° < Y < 20
-9 -1 7 15
¥ g |
0 1.000 1.000 1.000 1.000
2 0.985 1.030 1.088 1.163
4 0.952 1.012 1.088 1.175
6 0.914 0.976 1.055 1.142
8 0.876 0.938 1.015 1.104
10 0.838 0.900 0.977 1.066
12 0.800 0.863 0.941 1.028
14 0.763 0.825 0.903 0.990
16 0.726 0.787 0.860 0.952
18 0.715 0.774 0.848 0.927
20 1.000 1.000 1.000 1.000
For 15° < o < 90° and -20° < . < 20°
-9 -1 7 15
¥,z |
0 1.000 1.000 1.000 1.000
2 0.847 0.892 0.950 1.025
4 0.727 0.787 0.863 0.950
6 0.643 0.705 0.784 0.871
8 0.588 0.650 0.727 0.816
10 0.571 0.633 0.710 0.799
12 0.571 0.634 0.712 0.799
14 © 0.580 0.642 0.720 0.807
16 0.599 0.660 0.733 0.825
18 0.648 0.707 0.781 0.860
20 1.000 1.000 1.000 1.000
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TABLE 20.- Continued.

For -90° < a . < 90° and 20° < |y .| < 90°

Kl = 1.0

(b) Ky =

o o 0 . o
For -5~ < % < 15" and -20" < Vop < 20

[y | K,
0 0.
2 -.0092
4 -.0150
6 -.0181
g -.0192

10 -.0178
12 -.0153
14 -.0122
16 -.0085
18 -.0045
20 0.

For -90° < oap < -5° and 20° < [y, | < 90°

or

) o o - o
15" < o £ 907 and 207 < l*}wFl < 90

K, = 9.
(c) A=
For -15° < g < 15° and -90° < Ve < 90°

ORIGHVAL, PAGH IS
M PR QU



TABLE 20.- Concluded.

%F A
-15 0.
~10 140.02
-5 212.80
0 275.00
215.00
10 0.
15 0.
For 15° < |a| < 90° and -90° < o

A= 0.

< 90
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TABLE 21.- Rotor Induced Velocities On The Tail.

(a) Upper Lorizontal Tail

(1) EKpy OGayqp) =

“1F -10 0 10
=20 -.19 -.18 -.17
-10 -.23 -.22 -.21

0 -.27 -.25 -.23

10 -.32 -.20 -.26
20 -.36 -.32 -.28
30 -.40 -.35 -.30
40 -.44 -.37 -.31
50 - 44 -.33 -3z
60 -.40 -.37 -.32
70 -.26 -.32 -.31
80 0 -.20 -.25
90 .33 0 =13
100 .64 .27 .10
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TABLE 21.- Continued.

(2) EKpyy (Gapgp) =

“1F -10 0 10
-20 0
-10 0
0 0
10 .02 .07 .05
20 .18 .16 .12
30 .31 .26 .20
40 .47 .38 .28
50 .69 .54 .40
60 1.00 .74 .55
70 1.37 1.02 .74
80 1.80 1.40 1.00
90 2.28 1.86 1.37
100 2.82 2.40 1.86
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1SF

TABLE 21.- Continued.

(b) Lower Horizontal Tail

(1) EKTX (X! alSF) =

148

-10 0 10
X

-20 0 0

-10 0
0 -.36 .43
10 17 =, 20 .63
20 .34 -.04 .52
30 .52 .13 .33
40 .71 .32 .14
50 .92 .52 .06
60 1.15 .75 .28
70 1.39 1.02 .54
80 .33 .74 .85
90 ~-.74 -.32 .64
100 -1.00 -.60 .30



1SF

TABELE 21.- Concluded.

@) B, (X apgp) =

-10 0 10
-20 1.74 0
-10 1.74
0 1.74 .80
10 1.74 1.76 .70
20 1.74 1.81 1.48
30 1.74 1.84 1.80
40 1.74 1.88 1.97
50 1.74 1.94 2.11
60 1.74 2,00 2.22
70 1.74 2.02 2.32
80 1.48 1.67 2.40
90 1.15 1.33 1.74
100 .90 1.06 1.30
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TABLE 22.- Helicopter Tail Downwash Data.

€y Cyr) "
N Setu
-8 0
-4 .20
0 .60
.60
.60
12 .50
16 .35
20 .25
24 .15
28 0

For -90° < o < -8°

or
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TABLE 23.- Fixed Wing Tail Downwash Data.

(a) Upper Horizontal Tail

€y @ Ty O = Be(ay, 1) + Be(Sy, 1)

0

(1) de(oy, iw) =

-9 -1 7 15

-16 0 0 0 0
-12 0.1 0.1 0.1 0.1
-8 1.6 0.8 0.8 0.8
-4 3.6 1.7 1.4 1.4
6.0 3.1 2.1 2.1

7.6 4.8 2.7 2.7

11.0 7.2 3.6 3.4

12 15.6 9.6 4.7 4.1
16 19.6 12.4 6.2 4.7
20 22.2 16.4 9.6 5.9
24 24.5 20.3 14.0 8.6
28 23.1 23.0 18.4 13.0
32 21.2 23.7 21.7 18.0
36 18.9 22.3 22.6 21.4
40 16.3 20.0 22.3 22.7
44 13.4 17.0 20.5 22.4
48 10.2 13.5 17.3 20.6
52 6.8 9.5 12.6 16.6
56 3.5 5.1 6.9 10.0
60 0 0 0 0

For -90° < o < -16° or 60° < o < 90°

Ae(aw, iw) = 0,

151



TABLE 23.- Continued.
(2) (S L) = KGE (Bpy a)
where

2 .3
K = .003484 + .001035 4, + .00004541 iw - .000005697 i

Nl

(GF, aw) is defined in Table 7, part d.
(3) Downwash effect at low speeds.

€y = .0119 (VXB - 101.268)

if e, 2 1., then €, = 1.

< -
1f e £ 0., then ¢, 0.

ey Lwe Op) = Sy (e L GF)O €
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(t) Lower Horizontal Tail

eur (e Ly GF)O = be (ay, 1) + e (8, 1)

TABLE 23.- Continued.

(1) Ace (onw, iw) =

& -9 -1 7 15
-40 0 0 0 0
-38 -1.3 -1.0 -0.7 -0.5
-36 -3.1 -1.9 -1.3 ~-1.0
=34 -4.2 -3.0 -1.9 -1.5
-32 -5.4 -3.9 -2.6 -1.9
-30 -6.1 ~-4.9 -3.1 -2.4
-28 -6.6 -5.7 -3.7 -2.7
-26 -7.0 ~-6.2 -4.2 -3.2
=24 -7.4 ~6.4 -4.7 -3.4
-22 7.4 -6.6 -5.0 - -3.8
-20 -7.1 -6.6 -5.4 4.1
-18 -6.2 -6.6 -5.8 -4.3
-16 -5.5 -6.4 -6.0 -4,6
-14 4.4 -5.7 -6.2 -4.7
-12 -3.3 -4.8 -5.5 -4.9
-10 -2.2 -3.8 ~4.6 -4.9

-8 -1.0 -2.5 -3.8 -4.8
-6 0.3 -1.4 -2.8 -3.9
-4 1.7 -0.2 -1.8 -3.1
-2 2.7 1.0 -0.8 -2.3
0 3.7 2.2 0.1 -1.4
2 4.4 3.3 1.0 -0.6
4 5.2 4.3 1.9 0.3
6 5.8 5.0 3.0 1.2
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TABLE 23.- Continued.

-9 -1 7 15
at
8 6.3 5.5 4.1 1.8
10 6.6 6.1 5.0 2.9
12 5.8 6.7 6.0 3.7
14 5.9 7.0 6.3 4.6
16 5.6 7.0 7.7 5.3
18 5.2 6.6 8.1 6.3
20 4.7 6.2 7.9 7.1
22 4.3 5.7 7.5 8.1
24 3.8 5.1 7.0 8.9
26 3.3 4.6 6.3 9.0
28 2.9 4.0 5.7 8.4
30 2.4 3.4 4.9 7.2
32 1.9 2.8 4.1 5.9
34 1.4 2.2 3.1 4.7
36 0.9 1.5 2.1 3.3
38 0.4 0.8 1.1 1.7
40 0 0 0 0
For -90° < a, < 40° or 40° < o < 90°
" Be(oyys iy) = O.
(2) Be(Sp, 1) = KE (Sp, x)
3 .
where
3

~

o e
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= .02984 - .0004819 1, - .0003062 13 +

(8., o) is defined in Table 7, part d.
F* %

.00001904 iw



TABLYL 23.- Concluded.
(3) Downwash effect at low speeds.

= o = .268
€ .0119 (\XB 101 )

L, then €. = 1.

if € K

K

|v

0.,then €, = 0.

if €, K

K

(S

o @ Ly ) = Ep Oy Ay 6F)O€K

155



TABLE 24.- Helicopter Tail Sidewash Data.

156

OWT(BWF) =
Bur Oyt Byp? Bup Ot Byr
-60 0 4 2.2
-56 ~2.2 8 4.1
~52 -4.1 12 5.7
-48 -5.7 16 6.7
—44 -6.7 20 7.4
-40 -7.4 24 7.9
-36 -7.9 28 8.0
-32 -8.0 32 8.0
-28 -8.0 36 7.9
-24 -7.9 40 7.4
-20 ~7.4 4 6.7
-16 -6.7 48 L 5.7
-12 -5.7 52 4.1
-8 -4.1 56 2.2
-4 -2.2 60 0
0 0

For -90° < B < -60°

WF
or

60° < g . < 90°

Oy Byp) = 0.



TABLE 25.- Fixed Ving Tail Sidewash Data.

Syt Pyl ™
B OWT(BHF)O Eur 91 Bur
~60 0 4 1.8
-56 -1.8 8 3.0
=52 -3.0 12 3.9
-48 -3.9 16 4.6
—44 -4.6 20 5.0
-40 -5.0 24 5.2
-36 ~5.2 28 5.4
-32 -5.4 32 5.4
-28 -5.4 36 5.2
~24 -5.2 40 5.0
-20 -5.0 44 4.6
-16 -4.6 48 3.9
-12 -3.9 52 3.0
-8 -3.0 56 1.8
-4 -1.8 60 0
0 0
For -90° < B < -60° or
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TABLE 25.~ Concluded.

Engine thrust effects on sidewash.
Crp = Ty/ (S

OK = 2.(CTE - .2) + 1.

> =
if OK_1.6, then OK 1.6

if o < 1.0, then op = 1.0

OWT(BWF) = OWT(BWF)OOK
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K

QHTU

TyTy

(——

q

O

TABLE 26.- Helicopter Tail Dynamic Pressure Ratio Data.

(a) lorizontal Tail

pi/2

For 10° R 5_460

duTu

q

(“wF)

4+ .0333|a - - 28]

For -90° < a . < 10° or 46° < o < 90°

uTy

q

K

q
CE USBIUE SR 7))

(O

)=

1.0

(b) Vertical Tail

dyr 1/2

Ay
1) = (wWF) =

-17.5° < gy < 17.5°

) = .68 + .01314 |¢WF|

< 90°

QUT

For

s Y

a twF

For -90° < Yy < -17.5°
Qyt

- (hyp) = 91

For 17.5° < Yup

q

VT

+ .00124 (wWF - 17.5)
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TABLE 26.- Concluded.

q .
@) = (s YD

=90 to -20 =10 0 10 20 to 90

g | :
0 .065 .030 0 -.100 -.200
10 .055 .030 0 -.100 -.200
20 .035 .020 0 -.100 -.160
30 0 0 0 0 0

160

For 30° < Y| < 90°

Qyr

3 (OWF’lwWFI) =

0.



TABLE 27.- Fixed Wing Tail Dynamic Pressure Ratio Data.

(a) Upper Horizontal Tail

q q
Kopry = & (g @) +—-i=:-jﬂ (T,) +—§m ;02

For a' < op < (a' + 18°)

Yty .
—(_l—— (QWF’ a')

.67 + .03644 |a' - o + 9]

For -90° < o < o' or (a' + 18)< o < 90°

= 1.0

1
Q‘
~

|

q
(2) == (X)) =

For a' < o < (o' +187)

q
_HTU - - v
= (Ty) = (.33 - .03644 la' - o + 9])1<NAC

For -90° < o <ag' or (o + 18°) < Oy < 90°

Qe
HTU
-?1_— (TJ) 0.

duTy ~ SEmy Sp
@ £ (6 = 7 O ) Gg)

qv.
where -?l-l'—r-ll(ﬁ)_=0.
e Ey

.
. “p ot
RN



TABLE 27.- Continued.
(b) Lower Horizontal Tail
Kepr = 2E (e 10 + 25 (1) + AT (g2
Oap = O " .4 i, and KNAC = TJ/6490

ur _
W Qe L) =

162

& -9 -1 7 15
“Map

-35 1.000 1.000 1.000 1.000
-28 .885 .885 .885 .885
-21 .885 .885 .885 .885
-14 .925 .925 .925 .925
-7 .930 .930 .930 .930
0 .920 .920 .920 .920
- .900 .890 .900 .900
14 .850 .860 .870 .870
21 : .745 .820 .860 .845
28 .825 .845 .880 .865
35 1.000 1.000 1.000 1.000

For -90° < o, < =35° or 35° <oy, < 90°

S%?- (OMAP’ :Lw) =1.0
ORIGINAL PAGE
POOR QuaLrTY



TABLE 27.~ Continued.

q
@ - @) =

For -25.5° < oy, < -7.5°
BT 2y - (6 - (.087 - .00000838 T )] + 21))
3 . . . J7 %P Xnac
q q
HT HT
If 3 (TJ) < 0., then 3 (TJ) 0.
For -90° < o o < -25.5° or =-7.5° < o, < 90°
q
HT
= @) = o
O PR P
3 °F T 30
q
HT
— (6;) =
q 'y
Ty
0 8200 16,400
Qw
25 0 0 0
-15 -.06 -.06 -.06
-5 -.07 .33 .59
5 -.09 .35 .60
15 -.08 .20
25 0 0 0

For -90o j_aw < -25° or

A

¢

25° < o, < 90°

= 0.
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TABLE 27.- Continued.

(c) Vertical Tail

K= (2 i>+ T (o |0 l)+ <T)+i—(6>>/
QVT 3 wE? > | YT
Kypo = T,/6490
i
W -9 -1 7 15
wWF
30 .95 .95 .95 .95
-20 .73 .85 .91 .93
-10 .83 .92 .94 .87
0 .77 .87 92 91
10 .73 .84 .90 .93
20 .80 .85 .92 .94
30 .95 .95 .95 .95
For -90° < y . < -30°
Ay

= (7 i) = .95 - .00083 (wa + 30)

For 30° < ¥, < 90

VT
= e L = 295 ¥ .00083 (Y, = 30)
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TABLE 27.- Concluded.

@ T (s Mg =
GWF -90 to =20 ~-10 0 10 20 to 90
|
0 .065 .030 0 -.100 -.200
10 .055 .030 0 -.100 -.200
20 .035 .020 0 -.100 -.160
30 0 0 0 0 0

For 30° < [y, | < 90°

= Oy [zl = 0.

dy
3) K (TJ)

For -90° < Y. < -30°

fa)
<
|

5 (T = (06 + 001 (Y + 300Ky,

g S 30°

fa)
<
-

= (T = 06 Kype

For 30° < Y. < 90°

0
<
-

=L (1)) = (.06 = 001 (U = 300Ky,

S

Qyr QyT
(b)) —— (8,) = (—= (8;) )R
q F q F 0 30

q
where —!1 (GF) = 0.
q 0
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TABLE 28.- Drag Brake Dynamic Pressure Ratio Data.
For Helicopter:
KQDB = KQVT of helicopter.

For Fixed Wing:

KQDB = KQHT of fixed wing.
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TABLE 29.- Fixed Wing Lower Horizontal Tail Data.
(a) Eg—T (Ogypps
-30 -20 -10 0 10 20 30
“HTT

-30 -60.0 -60.0 -60.0 | -60.0 | -60.0 | -60.0 | -60.0
-28 -74.0 -74.0 -74.0 | -74.0 | -70.0 | -66.0 | -64.0
-26 -88.0 -88.0 -88.0 | -83.0 | -73.0 | -69.0 | -65.0
-24 -103.0 | -103.0 | -103.0 | -88.0 | =-76.0 | =70.0 | -62.0
-22 -118.0 | -118.0 | -107.0 | -92.0 | -78.0 | -69.0 | -60.0
-20 -131.0 | -129.0 | -113.0 | -93.0 | -78.0 | -64.0 | -53.0
-18 -139.0 | -132.0 | -115.0 | ~-92.0 | -73.0 | -56.0 | -41.0
-16 -143.0 | -131.0 | -111.0 | -87.0 | -66.5 | -44.0 | -29.0
-14 -141.0 | -128.0 | -106.0 | -80.0 | -54.5 | -32.0 | -17.0
-12 -135.0 | -121.0 -98.0 | -72.0 | -42.5 | -20.0 -5.0
-10 -127.0 | -112.0 -89.5 | -60.0 | -30.5 -8.0 7.0
-8 -115.0 | -100.0 -77.5 | -48.0 | -18.5 4.0 19.0
-6 -103.0 -88.0 -65.5 | -36.0 -6.5 16.0 31.0
-4 ~91.0 ~76.0 -53.5 | -24.0 5.5 28.0 43.0
-2 -79.0 -64.0 -41.5 | -12.0 17.5 40.0 55.0
-67.0 -52.0 -29.5 0.0 29.5 52.0 67.0
-55.0 -40.0 -17.5 12.0 41.5 64.0 79.0
-43,0 -28.0 -5.5 24.0 53.5 76.0 91.0
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(8) & (s Sg) =

TABLE 29.- Continued.

miey

0
Sg
-30 -20 -10 0 10 20 30
%HTT
-31.0 -16.0 6.5 36.0 65.5 88.0 | 103.0
-19.0 -4.0 18.5 48.0 77.5 | 100.0 | 115.0
10 -7.0 8.0 30.5 60.0 89.5 | 112.0 | 127.0
12 5.0 20.0 42.5 72.0 98.0 | 121.0 | 135.0
14 17.0 32.0 54.5 80.0 | 106.0 | 128.0 | 141.0
16 29.0 44,0 66.5 87.0 | 111.0 | 131.0 | 143.0
18 41.0 56.0 73.0 92.0 | 115.0 | 132.0 | 140.0
20 53.0 64.0 78.0 93.0 | 113.0 | 129.0 | 131.0
22 60.0 69.0 78.0 92.0 | 107.0 | 118.0 | 118.0
24 62.0 70.0 76.0 88.0 | 103.0 | 103.0 | 103.0
26 65.0 69.0 73.0 83.0 88.0 88.0 88.0
28 64.0 66.0 69.0 74.0 74.0 74.0 74.0
30 60.0 60.0 60.0 60.0 60.0 60.0 60.0
For -90°< ay, < -30°
L
HT
7 6E)o =90 = Oypp
For 30° < - < 90°
Lyt
3 (Cwurr 6E)O 30 - oypp
L
T L 2 1y
= (aHTT’ tSE) —_ (G.HTT, GE)O (1,27 + .62 oy - .053 iw (-'—riw - .021 GFOLWF)
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TARLE 29.- Concluded.

DI{T

®) 5 Cypre ) =
(o} [o}
For -10° + .25 &p < orr £ 10° + .25 6

D
HT _ _ 2 _
< (oqpp> Sp) = -0434 (oypp = <25 8) -013f ey = - 25 8|

+1.16 - .03743]8,] + .00936 6

) o
For -25~ + .25 &, < Gpr < -107 + .25 &,

or
(o] (o}
10° + .25 8, < o < 250 + .25 &g

D
HT 2 -
- (opps Og) = =049 (oppp = +25 S 3.6118|aHTT .25 8|

~25.489 + .00936 &2 - .03743|8]

(o] o
For -90° < o < =25° + .25 &

or
(o] [o]
+ < <
25 .25 GE O”HTT 90

DHT

2
3 (QHTT’ SE) = 160 sin (QHTT - .25 SE) + 5.604
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TABLE 30.- Helicopter Horizontal Tail Data.

(a) E}%ﬂ (O"HTTU) =
Lyu

%TTU —5 ()
-30 ~17.80
-28 -18.40
-26 -19.00
_24 ~19.50
-22 -20.10
-20 -20.60
-18 -21.40
-16 -22.00
_14 -21.50
-12 -18.75
-10 -16.00
-8 -12.80
-6 ~9.60
=4 -6.40
-2 -3.20
0 0.00
2 3.20
4 6.40
6 9.60
8 12.80
10 16.00
12 18.75
14 21.50
16 22.00
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TABLE 30.- Concluded.

L
HTU
“grTU 5 rry)
q
18 21.40
20 20.60
22 . 20.10
24 19.50
26 19.00
28 18.40
30 17.80
o] [o]
For -90° < a0 < =30
L
HTU
5 (Gppy) = —-2967 (90 + o)
For 30° < Oyrpy S 90°
L
HTU
3 Oyrry? = +2967 (90 - oyppy)
D
HTU
®) == Oyppy)
For -10° < o < 10°
D
HTU - 2
< (Oyr) = 0138 afr '003|aHTTUI + .33
o (] [0}

o
- < -
For -90 O‘HTTU < -10 or 10 < OLHTTU < 90

D
1TU 2
-—(_;— (QHTTU) = 56.64 sin (aHTTU) - .028
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TABLE 31.- Fixed Wing Upper Horizontal Tail Data.

L
(@) 25 (o) =

%srTU EEZE (C-
-30 -11.4
-28 ‘ -11.7
-26 -12.0
-24 -12.2
-22 -12.3
-20 -12.4
-18 -12.4
-16 -12.2
14 -11.9
-12 -11.4
-10 -10.5
-8 -8.8
-6 -6.6
-4 -4.4
-2 -2.2
0 0
2 2.2
4 4.4
6 6.6
8 8.8
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TABLE 31.- Concluded.

L
“TTU —gﬂ (g
10 10.5
12 11.4
14 11.9
16 12.2
18 12.4
20 12.4
22 12.3
24 12.2
26 12.0
28 11.7
30 11.4
For -90° < STy < -30°
Lyru

= (Oypry) = -173090 + aypgy)
For 30° < ooy < 90°

L.
HTU
(

- Opry) = +19(90 = o)

D
HTU -
®) - (Ogypry) =

For -10° < a0 < 10°

D
HTU
— (

2
7 Cyrre) < 082 - +086 oy | + 20272 oy,

90°

o o o
- , - < <
For -90" < oy < 100 or 10 Oy S

DII'I'U

2
—_ (O'HTTU) = 27.176 sin”(a ) + 1.661

HTTU
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TABLE 32.- Helicopter-Fixed Wing Vertical Tail Data.

(a) E%I (Oypps Og) =
-30 -20 -10 0 10 20 30
X7

-30 -80 -80 -80 -80 -80 -80 -80
-25 -99 -93 -89 -81 -80 =79 -69
-20 -94 -86 -78 -70 -62 -55 -48
-15 -80 -70 -62 -52 -45 -34 -27
-10 -64 -55 -46 -35 -28 -16 -7
-5 -48 -38 -29 -18 -8 2 12
-30 -20 -10 0 10 20 30

-8 0 10 18 28 36 46

10 12 20 29 36 44 52 63
15 32 40 47 52 60 68 76
20 52 58 64 70 76 82 89
25 71 76 80 84 87 92 99
30 80 80 80 80 80 80 80

For -90° < oy, < -30°
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(o}

307 < %ypp <

(Oypps ) =

= ~1.33 (90 + aVTT)

90°

1.33 (90 - aVTT)



TABLE 32.- Continued.

D
VT
(®) S (agpps S) =

For -20° < ay.. < 20°

=]
<
=

L L
VT 2 VT
(aVTT’ 6R) = ,0031529 6—5— (aVTT’ 6R)) - .018652 6—3— (aVTT’ GR))

a|

2
+2.93 + .00465 8g = -0305 | 8¢ |

For -90° < oy < ~20°

or

20° < agp, < 90°

Dy %N ,

2 N
—-a—-(av.r,r, GR) = 203 sin (U'VT'I') -2.38 + .4 (SR (TOTV-'I-‘;]—
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TABLE 32.- Concluded.

Lyt
(c) = (aVTT. =
Sg
-30 -20 -10 0 10 20 30
T

-30 300 300 300 300 300 300 300
-25 480 470 460 420 380 360 320
-20 520 470 410 380 330 280 240
-15 400 340 290 250 200 160 120
-10 320 270 210 160 110 60 10
-5 230 160 110 70 20 -40 -90
140 70 20 -20 -70 -130 -180
50 -30 -30 -120 -180 -230 -290
10 -70 -150 -190 -220 -280 -340 -400
15 -190 -270 -310 -350 =410 -460 -500
20 -330 -390 -440 -480 -530 -570 -600
25 -400 -430 -460 -490 -500 -530 -560
30 -400 -400 -400 ~400 -400 -400 -400

For -90° < oy < -30

LMVT

(aypps Sg) = 450 + 5 gy

O

For 30° < ay.. < 90

LMVT

(aVTT’ 8 ) = -600.1 + 6.67 .
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TABLE 33.- Drag Brake Data.

|
o
o)
—~
O

ai|

) 22 (§,,) =

=)
=]
<]
~
On

.ﬂl|

177



178

HELICOPTER

AIRPLANE

COMPOUND

- RSRA Configurations Simulated.

FIGURE 1.



LILAD00
YOLVTIINWIS

SINIONA
VIIIXNV

|
v

<

NOILOR
30

40104
TIVL

SNOI1V0dd
TVIANID

\

AOVNNAIWE &

‘uorleInUIS VYS¥ jo weilderq }201d PITITTdwIS - °7 FUNOIJ

ONIM
3
JOV1asna

dorod
NIV

WALSAS
TOYINOD

rmhlll!

T ,

T

LOTId

179




180

FIGURE 3. - Body Axes System.
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-~ Body Axes to Shaft Axes Transformation.

FIGURE 4.




8§ and B are Euler Angles with § rotation about ZS'
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~—_

Xgo Yg, Zg Shaft Axes System ™~

XL, Y, z! Rotating Shaft Axes System

s’ s’ S

XBS’ YBS’ ZBS Blade Span Axes System

Ups Ups Up Blade Element Velocities along XBS’ YBS’ ZBS respectively

then B rotation about XB

FIGURE 5. - Shaft Axes to Rotating Blade Span Axes Transformation.
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b) BLADE PITCH COMPONENT

BS, "BS, ZBS Blade Span Axes System

FIGURE 6. - Definition of Yawed Angle of Attack, Oye
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X, Y. 2 Shaft Axes System

FIGURE 7. ~ Total Rotor Forces and Moments in the
Fixed Shaft Axes System.
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FIGURE 8. - Rotor Wake Skew Angle.
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FIGURE 10. - Fuselage Geometry.
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0% DFCPU MFCPU 100%
CPULON |
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FIGURE 19. -~ Control Phasing Unit (CPU) Schedules.
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FIGURE 19. - Concluded.
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FIGURE 23. - Pilot Station Geometry.
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<3“

_TO_CONTROL SYSTEM_
(SEE CONTROL SECTION)

PILOT J

MAIN ROTOR
FORCES AND
MOMENTS |1 ;
, AL Z{S /
| |
TAIL ROTOR
FORCES AND o -
MOMENTS i G ]
(BODY AXES)| BODY AXES |
| ACCELER-
ATIONS
EMPENNAGE P>| SUMMATION B4t | (¥ )
FORCES AND OF FORCES | | X,Y,2"B
MOMENTS | AND MOMENTS ;
(BODY AXES)) ———F>| (BoDY AXES) :
o - BODY AXES !
[~ RATES
N
2
, i ;
FUSELAGE 1 - .
AND WING P,q,T g— Ve v.2’B
FORCES AND |— \V ARSLE
MOMENTS |
(BODY AXES) EULER
RATES
AND !
ANGLES
ENGINE ©,0,9) 6,6,
FORCES AND *®27 BonyY 7% ¥ popy
MOMENTS
(BODY AXES) BODY AXES
TO SPACE ]
N AXES TRANS-|y vy .y
FORMATION | N’ 'E’'Z
<]
<I
FIGURE 24. - Concluded.
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